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Abstract

The objective of the work was to prepare new oxidizers composed
of combined forms of chlorine, oxygen, and fluorine. Emphasis was
placed on the use of CIF3, CIFs, ClO2F, and CIO3F as starting materials.
Experimental techniques included high pressure-high temperature reactions,
arc and glow discharge reactions and electrochemical reactions in inter-
halogens and other active fluorinating solvents.

Attempts to form salts of the alleged 0103}"‘2 and ClOZFZ”l ions by
the reported interaction of chlorates and fluoftides were not successful,
No evidence for the existei.ce of the salts was found after rigorous
elemental, infrared and X-ray analysis of the products. It is concluded
that these salts cannot be prepared by the methods reported in the literature.

The heat of combustion of NH4C104 with CO has becn measured and
from the data the standard heat of formation of NH4C104 is calculated to
be -71.13 kcal./mole with an estimated uncertainty of 0.32 kcal. This
confirms the earlier reported values of -70.74 + 0.32 (A. A. Gilliland and
W. H. Johnson, J. Research Nat'l Bur. Standards, 65A, 67 (1961) and
-70.63 kecal. (M. M. Birky and L. G. Hepler, J. Phys. Chem. (4, 686
{1960)) obtained from solution-calorimetric measurements.

ClO,F did not react with the following compounds under a variety
of high pressure and temperature conditions atthough in many cases
thermal degradation nccurred: SbFg, SFg, BF3, CIF3, F2. CsCiFy., Clfg,
CIF4SbFg and NO2F. Additional attempts to fluorinate C103F with Fj in
an electric discharge were unsuccessiful.

The laboratory procedure for the safe preparation of C102F, which
was used as an intermediate, was developed to yield 3.0 grams per day.
Liquid ClOgF will react with metal storage vessels and decompose to
ClO3F, ClO2 and Cly. Storage is best carried out at -80°C.

ClO3F was partially fluorinated by elemental fluorine and not
flyorinated bv chlorine pentafluoride, chlorine trifluoride, cesium tetra-
fluorochlorate and cesium fluoride under a variety of temperature and
pressure conditions. From the resuits of experiments with ClFg-ClOgyF,
it appears that ClQ2F will induce the thermal decomposition at temperatures
as low as 230°. Under similar conditions ClFg is stable to 350°.

NO,F reacts with C1O;F over a period of 4 days at -78° to form a

sclid adduct with a melting point of -2Z2° and a vapor pressure of 740 mm.
at 0°. The solid and its melt is insoluble in C1P3.

-iil-
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Attempts to prepare novel Cl-T compounds by pyrolysis ot Cl}'3
and subjecting CIF3 and mixtures of CiF3 and F, to electrical discharges
and gamma irradiation were unsuccessful. CI1F3 was not affected by O3
in a spark or corona discharge and contact with ozone at -78°.

In a supporting study nitryl tetrafluorochlorate, NO3ClF,., was
prepared by reaction of NO3F with ClF3 at ~78°. The vapor pressure
was measured from -50° (30 mm) to +25° (1360 mm) and can be expressed
by the equation:

log; op (mm) =7.945 - 1436
T

From these data the equilibrium constant is calculated to be 0.250
atmospheres at +3.5°C.

log; pkp=9.409 - 2840
T

The apparent heat of dissociation to NOgF and CIF3 is +13 kcal/mole.

As in the case of C1F3, attempts to prepare novel Ci~-F compounds
using CiFg as an intermediate were unsuccessful. These involved
fluorination, pyrolytic, and discharge technigues and the following
reactants: Fp, CsF, CIF3. In addition CIFg did not react with the
following oxygen-contzining compounds although in many cases degrada-
tion of the CIFg occuired: Oz, O3, ClOzF, CIO3F, KCIQ3, KCI1O4, and
CsCl04.

NO,F reacted with ClF5 at iow temperatures to give a 1:1 liquid
adduct possessing a vapor pressure of one atmosphere at -28°. The
liquid product is not a simple solution since the vapor pressure at all
temperatures is considerably lower than that predicted by Raoult’s law,
e.g. observed, S mm at -78°: predicted, 292 mm.

CIF5 reaccs with SbFg to produce ClF45bFg, m.p. 34-35°, which
is analogous to C1F;SbFg, m.p. 225-228°. Both materials are reactive
with all but highly fluorinated materials. On storage in Kel-F containers
CIF48bFg (and to a lesser extent CIF,SbFg) will induce extreme stress
cracking of the plastic within hours.

Cl1Fs5 did not form a complex with SF4, SFg, or BF3 stable at ambient
" temperature.

Nitrogen trifluoride, NF3, did not react with the following compcunds
at temperatures in the general range 200°-475°C and pressures of 650-
2125 psig: CIF3, ClFg, ClO3F, CsClFy. CIFySbFg. and C1F4SbFg.
_iv.-
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Tetrafluorohydrazine is a reductant for tha series of chlorine fluorides
at 25C° according to the equations

N2F4 + CIFS — 7.NF3 + CII‘3
N2?4 + C}F3 e 2NF3 + CIF
N,Fq + 2CIF === 2NF, + Cl,

Reactions of complexes of GIFg and CIF3 (CIF 4SbFg, CsCifg, ClF,SbFg)
with N2F4 involve first a thermal decomposition of the complex followed
by fluorination of N2F4 by the free chlorine fluoride.

NyF4 and ClO; react at 25" in a flow system to produce NOT and Clz.

The trans isomer of difluoradiazine did not react with C1O3T7, or Clfsg
at temperatures from -78° to 250"C. With CIO2F, trans-N;F2 did not
react in the range -78° to 25° but at 20067, reaction occurrad resulting
in the formation of CiF3, NF3, N2. and O3.

Cis-difluorodiazine did not react with the following compounds in
th= range -78° to +150°C: CIO3;F, ClO3F, OFy, ClF5, CIF3, and CIF.
At or above 1507, thermal decomposiiion ¢f NoFy to Ny and Fy became
appreciable resulting in the fluorination of the coreactants C1F3 and CIF.

Oxygen difluoride., OFZ, did not react with the following compounds
at temperatures in the general range 150°-250"C and pressures of 500~
2950 psig: CIF3, ClIF5, ClOgF, ClO3F. NI'3, SbFs, CsF, CsC1Fy,
CIF2S5bFg. C1F4SbF6. In most experiments some thermal decomrposition
of the OF; to Oy and F; took place and the extent of the decomgposition
increased with temperature. Oxygen difiuoride reacted with the simple
chlorides NaCl, CsCl, and CaCl; to form the corresponding fluorides and
to liberate Oy and Cl;.

OF; + 2MCl ———2MF + 1/20,

The reaction was very exothermic between CaCly and OT; below room
temperature.

Oxygen diftucride did not react with Clp or CIF at 25°C; however,
at 150°, in a statlc system, these formed CIF and CIF3, respectively,
in addition to oxygen and a small amount of Cl1O2F.

The fluorination of Cl0; in a flow system with ClIFg, NF5, and

OF, was studied with the following results: CiFs produced C1O5F, Clj,
and O2; NF3 did not react; and OF; formed ClFg. ClO2F, and CIO,F.

CONFIDENTIAL
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In contrast the fluorination of Cl20 with either I'; or OF2 in a
static system at, respectively, 155° and 1307 produced the new oxidizer,
trifiuorochlorine oxide, OCIF;.

A study was carried out to determine the feasibility of preparing
new oxidizers by electrolysis of systems containing as solvents or
solutes CiF3, ClFs, ClO,F, ClO3F and other halogen fluorides. The
feasibility of this approach was partially demonstrated by the prepara-
tion of C1Fg by electrolysis of CIF3 containing either CsF or 3bFg as
solutes at 0°C.

Unfortunately many of the halogen fluorides and halogenyl fluorides
of interest as solvents and reactants are poor conductors. and the electrical
equivalents which can be passed through a system are extremely small per
unit time. The conductivities of CIF3, BrF3, CIF5, SbFs, IFs, CIO3F,
Brfg, NO2F, and HF are, respectively {ohm~lem™1): 4 x 1077 (0°),

7.53 x 10~4 {25°),<2.11 x 107 (-23.9°),<2.11 x 107 {25°), 5.65 x 107°
{25°), €2.1 % 10-9 (-51°), 2.73 x 10’6 (25°), <10'6 (-78°), < 19-6 (-127).

-vi-
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Synthesis of Inorganic Oxidizers

I. INTRODUCTION

This resrarch waz directed to the preparation of solid oxidizers
composed of combined forms of chlorine, oxygen, and fluorine. In
particular, we were interested in those ions or compounds in which
chlorine as a central atom is coordinated with four, five, or six ligand
atoms. The elements most suited and most desired for combination with
chlorine are fluorine, oxygen, and nitrogen because of their relatively
low atomic weight, high oxidizing potential and their suitable dimensions
and electronegativities as illustrated below:

o N
Atomic weight i6 19 14
Relative electronegativity 3.5 4.0 3.0
Atomic covalent radius (@) 0.74 0.72 C.74
G1-X bond strength [(kcal) - 49 41 48

The similarity of the above properties implies that there may be
littie entroplc or enthalpic objections to the substitution of one element
for either of the other elements under the proper circumstances. Known
species like perchloryl fluoride, ClOjF, and the perchlerylamide ion,
GIO3N'2 , indicate the plausibility of seeking new oxidizers by the
principal of substitution of nitrogen or fluorine for oxygen in the several
oxides arnd lons of chlorine. Other examrles are chloryl fluoride, ClO2F,
and the chlorylamide ion, CIOBNH‘, and schematic relations are outlined
below:

Qo -1 O O

r ) t
0¢Cl—>0 — = > C<Cl—F —> 0<-Cl—NH,

J { ' |

o} O Q
perchlorate perchloryl fluoride perchlorylamide

o -1 O O

S N

Ci

o o o< rF o~/cl\NH2
chiorate chloryl fluoride chlorylamide

-1 -
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The similarity of the oxide and fluoride icons in such structures is
il. “strated by the formation of CIO3F and the fact that it is a stable,
symmetrical molecule of nearly zero dipole moment (Ref, 1). In addition,
the similarity of O and F is so close that the molecule has difficulty in
distinguishing between the two and a somewhat random orientation exists
in the crystal at low temperatures, resulting in a smali, but measurable,
zero point entropy (Ref. 2). Less is known about the equivalence of nitride
and fluoride ions although ClO3N‘2 forms many stable, but shock sensitive,
salts.

By analogy, it is possible to propose a number of feasible oxidizers
by application of this “substitution principle" to known compounds and ions
containing chlorine in its normal valence states. Of particular interest are
ClOgF~2, ClO5F,~, OCIF3, OGIF,*, GIFs*, OCIF, etc., which were considered
as target oxidizers for this synthesis program.

In addition, the synthesis of chlorine pentafluoride, CIF5. (Ref. 3) has
indicated that a variety of niovel oxidizers might be prepared using this
material as an intermediate. Like BrF5 {Ref. 4), ClFs5 is reported to have
the same pyramidal configuration (Ref. 3b). Paulinz suggested that in a
structure of this type the bonds are directed toward the five corners of a
square pyramid which, with the unshared pair, would form an octahedron
(Ref. 5, page 180).

Presumably this material could function as a base toward Lewis acids
more electrophilic than GlFg itseif. We have been interested in forming
adducts of ClFg with O, NO,, NO, SbFg, etc. In addition, we examined
the possibility of the formation of stable salts containing the CIF4+ and
ClFg™ ions.

Our studies have involved the use of CIF, CIF3, ClF5, CIO,F, ClOg,
Cl1,0, and CIO3F as starting materials and the experimental techniques
being used include high pressure {ca 6000 psig), high temperature (up to
500°C), corona and arc discharges, flow reactions at amblent pressure,
and electrochemical reactions in interhalogen solvents.

CONFIDENTIAL
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RESULLZ AND DISCUSSION

A. Attempted Synthesis of Trioxofluorochlorate (V) and Dioxodifluoro-
chicrale (V) Salts

The initial phasas of this program were directed toward the
preparation of trioxofluorochioratz Yy, Clvﬂ“"z, salts containing
~ombuslible cativns. OGf particular interast were (NH4);CIO3F,
(N,H5),ClO3F, [(CH3)4NI;ClO3TF, ete. It was planned to synthasize
these salts in amounts sufficient for complete physical and thermo-
chemical evaluation including the deiermination of heats of combustion
or reaction with appropriate gases (O3, 70). This would permit &
thornugh evaluation of the thecretical performance of these salts as
oxidizers in solid propellants.

The cnly salis reporied to date presumed to contain the C103F‘2
ion are the supposed soluble and hygroscopic hydrates of CuClOgzF,
ZnClO3F, NiClOaF, and CoCIlO3TF and the insoluble and nonhydrated
CaClO3F and BaClO4F (Ret. 6-11). Chemical, analytical and
crystallographic data relating to and supposedly indicating thzse
compositions and structures are given.

The metal trioxofluorochlorates were primarily of interest as
useful intermediates in the preparation of combustible salts and the
initiai work was devoted to the preparation of pure samples of trioxo-
flucrochlorates suitable for conversion to the (NH4)2C103F,
(N2Hg),ClO3F, etc. mentioned above.

It is reported that the preparation of the metal salts is carried
out by digestion of an aqueous solution of the metal chlorate with the
stoichiometric amount of the sparinaly-soluble metal fluoride at 85°-
90°. Addition of ritric or acetic acid is required to effect solution
of the flvoride.

M(C1O3); + MIy —= 2MC10O3T (M=Cu, Zn, Ni, Go)

The digestion is reportadly carried out in either Teflon or
platinum ware and the resulting clear solution is cooled to room ternt-
perature and slowly evaporated to near dryness in a paraffin-coated
desiccator using either sulfuric acid as a desiccant or vacuum drying.
Crystallization of the alleged tioxofiuorochlorate is supposed to begin
after 75-80% of the water is evaporated.

As an alternative to the use of metal trioxoflucrochlorates as
intermediates, studies were conducted to determine whether con-
centiated aqueous solutions of HF and HClOz could be reacted

-3 -
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directly to produce the aqueous acid, HpClO3F. Attempts were also
made to prepare the free acid by passing agqueous solutions of salts
believed to be trioxoflucrochlorates through columns containing
strong cation exchange resins (Amberlite IR-120, Rohm and Haas).

Since it is reported that the related dioxodifluorochlorate W)
salts, ClOze'1 , can be prepared in a similar manner by the simgple
technique of using an excess of hydrogen fluoride during the digestion
step, analogous studies were directed toward the preparation of these
salts as well. :

ClO3~ + 2HF —> ClOgF” + H0

However, it is also reported that the dioxodifiucrochlorate (V)
salts are in equilibrium with trioxofluorochlorate (V) salts in solution
and that each may be prepared from the other by a simple shift in
conditions.

ClOzF,” + Hy0 ~ Cl03F~¢ + HF + ®*

For this reason the bulk of our experimental work was devoted to the
preparation and characterization of the triexofluorochlorates and only
a minor effort was spent on studying methods ‘cr the preparation of
the dioxodifluorochlorates.

In the first iew months of this program crystals were obtained
by using the reported procedures and elemental analyses were
obtained which evidently confirmed the existence and composition
of the reported trioxofluorates. Typical analyses received are given
below:

% Cation  %ClO3 I

"CuClO3F-5H;0:" Found 23.9% 32.0 5.1
Theory 24.8 32.6 7.4

"NiClO3F*6H20:" Found 22.0 31.0 7.0
Theory 21.8 32.5 6.6

"ZnClO3F+4H,0:" Found 29.2 27.2 5.2
Theorv 27.3 34.8 7.9

Superficially, the analyses found are in reasonably good agree-
ment with the theoretical values. However, during cur studies it
became apparsnt by qualitative tests and X-ray diffraction patterns

-4 -

CONFIDENTIAL



CONFIDENTIAL

that these isolated materials were actually fortuitous mixtures of
chlorates with corresponding metal fluorides and/or fluosilicates.

Tt has been demonstrated at this laboratory that the use of paraffin-
coated or halocarbon wax-coated desiccators for evaporation of HF-
containing solutions (the procedure used by previous workers) will
result in contamination of the solutions by SiF6'2 ions. Itis
preferred to use plastic desiccators for work with HT solutions. In
addition it is to be noted that New York University personnel report
that ClOgF‘Z salts are isomorphous with fluosilicates and give X-ray
patterns that are identical with those of the correspording fluosilicates.
It is important to note that during our work it was found that up to 10%
Ba (C103)2 in BaSiFg could not be detected by using infrar :d absorption
spectra unless the analyst was warned beforehand and used special
techniques. In X-ray analysis up to 20% Ba(CiO3); could nou be
detexted as a result of simple dilution. Consequently mixtures of
BaSiFg and Ba (C103)7 could appear to be a single salt with a diffrac-
tion pattern identical with the fluosilicate but which would give strong
oxidizing tests and evolve chlorine oxides on treatment with sulfuric
acids as would be expected for a trioxofluorochlorate (V) salt.

A re-examination of the materials analyzzad in the above table
and similar products invariably showed the presence of silicon in
amounts (1-2%) required for the presence of the necessary quantity
of fluosilicate salt.

Our work involved the attempted preparations of the intermediates,
CuClO3F-5H20, NiCIO3F-7d20, and ZnClO3F-7H0 and particular
trioxofluorochlorates of directNiEr{uerest such as (NH4)CIO3F,

i
[(CH3)4N1;ClO3F, and (NH,CNH3)CGIO5F.

However, all attempts to reproduce the preparation of 0103}“2
and CIOZFZ'I salts were unsuccessful and it is our conclusi~u that
these salts cannot be prepared by the methods reported. A theoretical
consideration of the valence election configuration of the chlorine
atom in the ClO3F'2 and C]CJZFZ‘l ions indicates that these ions
can only be formed by utilization of the available 3d orbitals in
chlorine by unpairing 3p electrons and promoting one of the pair to
the higher energy 3d orbital prior to bonding with oxygen and fluorine
atoms. It may be possible that these ions could be formed under
unusual conditions but it appears unlikely that the ClO3P'2 and
ClOze'l ions can be prepared in aqueous systems below 100°C
as reported.

CONFIDENTIAL
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Our failures to prepare the materials prompted us to obtain
samples from Dr. A. Ray (Visiting Fellow, New York University,
1962-63) which were reputed to be NiClO3F-4H,0 and GuyClO3F
(Gu represents the guanidinium cation, NHZC(NH)NHE"'). In all,
three samples were obtained of 100-200 mg. each and these are
discussed below:

"N1ClO+F-4H,0" (First Sample)

A sample of allegedly pure NiClO3F.4H20 was received from
Dr. Ray and his co-workers and infrared X-ray analysis indicated
the sample to be NiSiFg:6H0. Since the ClO3F~2 salts are claimed
to be isomorphous with flucsilicates a chemical analysis for silicon
was performed. Found: 9.1% Si (theoratical for NiSiFg.6H0, 9.05%
8i).

Qualitative analysis indicated no oxidizing power of the sample
following dissolution in water.

"NiClO3F-4H0" (Sécond Sample)

Approximately 0.2 g. of a second sample of NiClO3F-4HZO
was obtained from Dr. Ray and the r=sults of analysis are as iollows:

Theory for "NiCIC;F-4HpQ" Reported by N.¥Y.U.  Tound

14.2
S 9.2

w

Ci 15.2 15.
F 8.1 a,

An agueous solution of the material proved 10 bn strongly
oxidizing in a gqualitative test with aniline sulfate solution
{indicative of a chiorate or similar oxidizing ion in solution).

An X-ray analysis of the sample as received indicated the
presence of NiSiFg-6H20 and an unknown material.

On the assumption that the sampie was a mixtur> of hydrated
NiSiFg and Ni(ClO3); (to explain the qualitative tests reperted by
Dr. Ray) a mixture was formulated with the following composition
based on the chemical analysis:

Ni(ClO3)2-4H20 - 64.8% (by weight)
NiSiFg-6H0 - 35.2%

CONFIDENTIAL
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The nickel chlorate was a special preparation and was
dehydrated below the rormal hexahydrate. Formulation of the
above mixture was based on the relative amounts of the Cl and
F as found ir the N.Y.U. sample.

An X-ray analysic of the fresh mixture showed the presence
of the two components. However, on exposure to atmospheric
moisture the mixture adsorbed water and an X-ray pattern of the
exposed mixture was identical to that obtained for the sample from
Dr. Ray and his co-workers.

The sample was thus a mixture of NiSiFG-GHzO and a hydrate
of Ni(C1O3);.

"GuyCIO3E”

A sample (ca. O-29) designated "GugClOsF" was provided to
Pennsalt by Dr. Ray on July 17, 1963. Elemental analysis is given
below:

Theory for "(CN3Hg),C103F Reported by Ray Found

Cl 15.9 15.3 14.2
F 8.5 9.45 9.2
Si 0.0 - 0.0

X-ray diffraction analysis of the Ray sample vields an unknown
patterr that does not resemble the pattern of guanidinium fluosilicate
that had been prepared as a reference. It is to be noted that Ray
reports the (310315"2 salts are isomorphous with fluosilicates and
give X-ray patterns that are identical with those of the corresponding
fluosilicates.

Infrared analysis indicates a basic guanidinium structure for
the cation; however, guanidinium salts shown a broad infrared
absorption band centering at about 67 and a weaker, sharper band
at 6.4-6.5%. This latter band is absent in the infrared specirum
of the sample; curiously, it appears to be absent from the reported
guanidinium thiocyanate spectrum also (Ref. 12). 1t is believed
that some modification to the guanidinium cation has occurred during
the supposed preparation of the trioxofluorochlorates and especially
during the digestion in the hot acid oxidizing solution. It is suggested
that the cation is a polybasic condensed guanidine or a higher homolog
of biguanide. Unfortunately, the small sample size prevented a
thorough characterization of the material.

-7 -
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Tt is interesting to note that from the 135 attempted prepara-
tions o1 GuZClO3}‘ at this laboratory and over 60 crystal fractions
obtained, only three isolated crystal crops (totaling about 200 mg.)
have been separated and identified as the same material &s the
N.Y.U. sample.

In conclusion, no zvidence has been obtained for the prepara-
tion to date of either trioxofluorochlorate or dioxofluorochlorate salts
based on extensive studies at this laboratory and examination of
products claimed to be these materials. Therefore, all work involving
preparation of these salts in aqueous solution was terminated.

1t should be noted, however, that the structures of the ClOsF'z
and GIOZFZ’1 ions are reasonable and it may be assumed that salts
of these ions will probably be prepared using different procedures
than those reported. This work was continuad in studies on the
fluorinations of chlorine oxides and oxygenations of chlorine fluorides
and the unsuccessful results are summarized in later sactions of this
report.

%. Thermochemical Measurements

Heat of Formation of Ammonium Perchlorate

A primary objective of the program was to evaluate new oxidizers
as prepellants and, apart from Getarmining the stability and chemical
reactivity of the new oxidizers, this is most positively accomplisind
by measurement of heats of combustion and/or reaction followed by
calculations of heats of formation from these data.

The pilot work was carried out using NH4ClO4 since this was
representative of the type of oxidizer to he prepared. In addition,
although accurate heats of formation of NH4ClO4 have been
determined from solution-calorimetric measurements (Ref. 13, 14)
no data for the heat of combustion of NH4ClOg have been reported,

Carbon monoxide was chosen as a fuel gas partially on the
basis of its availability, ease of handling, and high purity and
partially because a preliminary evaluation of the heat of combustion
with NH4C1Oy indicated that the heat evolved would be comparable
with that expected for hydrogen according to the following equations:
1. NH4C104 (s) + 2.5Hy (9) —=0.5N; (g) + HCl (aq.) + 4H0 (1)

NE=2.5 keal./g. NE,CIO,

-8 -
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2. NH4ClO4(s) + 2.5CO ~ ~0.5N; (g} + HCl (ag) + 1.5H,0 (1) + 2.5COy
/AN\H=2.04 kecal./g. NH,C1Oy

It appears that CO is a usrful fuel gas and may be applicable
to a variety of oxidizers (Ref. 15, 16). However, it must be noted
that the combustion of oxidizers, such as NH4ClOy4, containing
hydrogen vields high temperature water vapor which can undergo a
water-gas reaction with the excess CO present with the bemb.

3. CO(g) + H,0lg) —> COz(a) + Hale)  A\HZ8=-9.84 keal.

In the final analysis of the combustion data for the equation 2.
above, corrections must be applied for the amount of water vapor
entering into the water-gas reaction, noted {n eq. 3. This correction
is calculated according to the followirg equations:

H,0 (lig.) —>H0 (9) Au?%8=+10.520; AE?98=+9.930 keal.
CO(g) + HpO (9) — >CO;3 (a) + Hy (g) Du?98=-9.840;
/NE298= -3.840 kcal.
2 /N\E=+.088 kcal./male CO;.

The data obtalned are presented in Table 1. The \E of the
combustion process is 2033 cal./g. NH4CIO, or 238.87 kcal. /mokg\
NH,ClO4. This corresponds to an enthalpy of combustion, /\Hc
equal to -238.57 kcal. with an estimated uncertainty of + 0.32 kcal.

Using the values -38,139*%, -26.4157, ~94.0518, -68.3174
and 57.7979 kcal. for the standard heats of formation of, respectively,
agueous HC1, CO{g), CO4(g), HpO (lig.), and H;O (g), the standard
heat of formation of NH4C1O4 {c) at 25°C is calculated to be -71.13
+ 0.32 kcal./mole.

The value -71.13 + 0.32 kcal. is in good agreement with the
reported sclution-calorimetric values -70.74 + 0.32 (Ref. 13) and
-70.63 kcal. {Ref. 14) for the standard heats of formation of
NH,ClO4.

* {The heat of formation of HCI (aq.) was graphically determined
from the data presented in N.B.S. Circular 500 and for the average
concentration taken to be one mole HCI per 7.19 moles water as
determined by analysis).

- 9 -
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It is to be noted that the heat capacity of the calorimeter,
2455 + 2,8 cal./"C, was determined by the combustion of benzoic
acid in oxygen under certificate conditions. The correction in the
heat capacity of the calorimeter due to a substitution of CO for Oy
amounts to 0.025 cal./°C and was considered negligible,

C. Investigations of the Preparation of Derivatives of Perchloryl

Perchiloryl fluoride might appear to be a promising Intermediate
in the preparation of new oxidizers, but its symmetry and the near
equivalence of the Cl-C and Cl-F bond energies are serious
handicaps. To date, it is impossible to selectively activate and
cleave either a Cl1-0O or a Ci-TF bond by such physical means as
heat, pressure, electric discharges, ultraviolet radiation, gamma
radiation, etc. If the minimum energy is achiaved, uncontrolled
decomposition occurs resulting in preducts representing almost
every stable combination of the component elemants including
CIOzF. ClOz, CIF3, CIF, Cly, Oz, and F,. Chemically, it is
known that unstable complexes can be formed with various bases
such as phosphines, sulfides, and amines; however, these rapidly
degrade with subsequent oxidation of the organic compounds to
phosphine oxides, sulfoxides {and sulfones), and Schiff's bases
or enamines. In several isolated instances, intermediates in the
degradation processes have been found stable and have been fully
characterized (Ref. 17).

CHB
—L
o Cer
clo N-F
3 k—1—CH3
CHj
N-perchloryl piperidine N-fluoro-2,2,6,6~tetramethyl-
(sensitive compound, piperidine-4-one
explodes on warming b.p. 60-61°/1.3 mm
to 80° C) Stable liquid

In contrast, attempts to fluorinate perchloryl fluoride with a
varlety of fluorinating agents under a variety of conditions have been
unsuccessful. These experiments are discussed below.

Perchloryl fluoride was reacted with SbFg in a monel autoclave
at 260° in an attempt to activate and fluorinate the Cl1O3F molecule

by the strong Lewis acid. On cooling it was found that no reaction
had occurred. The charge was again heated at 420°C for 15 hours,

-1] -
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and after cooling, the volatile products were identified as O, and
Cly. A voluminous yellow-green solid filled the reactor and was
subsequently characterized as a mixture of SbFs and complexes
of SbFs with various metal fluorides. The solid phase contained
barely 1.4% chlorine. Apparently a complete decomposition of
the ClO3F occurred triggered by the presence of SbFg.

SbFc

fe)

420°7

2Cl10O3F Clz + 302 + T,y

1/2 F, + M (reactor metal) ——— MF
MF + SbFs ———> MSbFy

With the same objective, equimolar mixtures of ClO3F and
SbFg were treated with an equivalent amount of CIFy at temperatures
up to 420°, generating autogenous pressures from 700 to 4000 psig.
On cooling to 25°, the ClO3F was recovered unchanged and the
CIP3 was found to have re.acted with the SbFg to form CJFZSbFS.
It is interesting 0 note that complex formation by Shfg completely
destroyed its catalytic effect on the decomposition of ClO3F.
There is no doubt therefore that the strong Lewis acid caused an
activation or polarization of the GIO3F molecule in the previous
experiment.

Similar reactions with weaker Lawis acids than SbFg were
carried out in attempts to isolate either a complex of ClO3F or to
effect a more controlled fluorination without decomposition. ClO3F
did not react with either SFg or BF3 at temperatures up to 330°.
ClO3F, however, did oxidize SFyq at 375° to proruce a very small
amount of SFg. When ClO3T, CIF3, and SFy were reacted together
at 310°, oxidation of the SF, occurred and a varietv of products
were obtained including 8Fg, SOF,;, SO;T,, Clz, O,, and 50T;.

In efforts to force a fluorination of C103F with the reactive
C1F2+ ion, equimolar ternary mixtures of C]O3I‘/Cll‘3/5}‘6 and
ClO3F/CI1F3/BF3 were each heated to 310° in a monel autoclave.
On cooling the reactants were essentially recovered unchanged
~xcept that in the latter system the CIF3 had reacted with BF3 to
form the stable CIF9BF4. The reaction reported in the paragraphs
above involving a mixtura of C1O3F, CIF3, and SbFg is also
representative of this line of attack.

ClO3F was reacted with a mixture of C1Fg and SbFg in an
experiment to observe the effects of the CIF4* ion.

a

- 172 -
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" GIFg + SbFy ———> CIF4*SbFg~

Ma-dmum conditions were 375° and a pressure of 2000 psig. The
major products found were CIF,SbFg, ClO3F, and F2 indicating
the following reactions:

CiF4tsbFg —-—> CIF; + SbFsg
CIFg — Fz + CIF
CIFy + SbFg —> CIF;8bFg

Since C1P2+ did not causc a fluorination of ClOBF, it did not
appear likely that the complementary base C1F4" would have any effect
on C]O3F. However, this was investigated using CsClF, prepared
from a pressure reaction of ClI3 with CsF. Solid CsCliF4 did not
react with gaseous ClO3F at temperatures up to 300° and pressures
up to 450 psig. The ClO,F was recovered guantitatively; howavil,
som~= slight decomposition_of the CsCIFy occurred resulting in
attack of the stainless steel reaction vessel and formation of red
CsNiFg {Ref. 18, 19}.

A further attempt to fluorinate the ClO3F molecule was made
using an electric discharge. The apparatus employed is shown in
Fig. 1. The unitis a stainless steel cylinder with 1/2" i.d. and
a total volume of about 30-35 ml. The platinum electrode (18 gauge)
passes through a Kel-F gland and insulator and forms a gap of 1/4".
A side arm to the cylinder permits charging and removal of gaseous
products. The gland and nut design allows complete removal of
solid products and inspection of the cell interior. All experiments
were of 24 hours duration and utilized an external resistance of
37.4 megohms (unless otherwise noted) to stabilize the discharge
and to permit long term operation without overloading the circuit
(30 kv. and 2000 microamps). The ClO4F and F, were measured out
on the basis of pressure such that the total pressure was about one
atmosphere and the ratio of Cl104F to F5 ranged from 1:1 to 2:1. With
an applied voltage of 27-28 kv., the current output was 55-90 micro-
amps. The only products found were fluorocarbons resulting from
attack of the Fz on the Kel-F insulator.

D. Investigations of the Preparation of Derivatives of Chloryl Fluoride

The following studies were carried out in attempts to prepare
ionic derivatives of ClO2F or compounds containirig a higher percentage
of fivorine than ClO,F itself.

- 13 -
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In our attempts to fiuorinate C]OZF we have used elemental
fluorine, chlorine pentafluoride, chlorine trifluoride, cesium tetra-
fluorochlorate and cesium fluoride as reagents. This work and its
results are described below.

The reaction of C109F with an excess of Fy at temperatures up
to 290° resulted in partial conversions (average, about 50%) of
ClO37 to C1OgF and CIF5. The overall reaction is considered *o
be the sum of several independent reactions.

a. 3CI10,F —2>2CI05F + CIF
b. CIF + F, —> CIF;
c. GIFy + F, ——> CIFs

Neither CIF nor CIF3 was observed in the product gases and
Cl; and O, were also found to be absent.

Mixtures of ClO,F and CIFg when heated to 230°-430° at
pressures up to 900 psig resulted in the formation of CIF, Fp, and
O,. The bulk of the ClO,F was recovered unchanged. The primary
reaction appeared to thermal decomposition of ClFg. It has been
determined that pure ClFg begins to thermally dissociate at 350°-
375° under the experimental conditions used, yielding CIF3 and Fp.

350-375°
Clfe ———— CIFy + T
5 1000 psig 3 2

At higher temperatures { >425°)}, dissociation is virtually
complete to CIF and FZ'

S 425°
CIF5 =——= CIF + 2T,

From the results of the experiments with Cl03F-CIFs mixtures.
it appears that ClOF induces decomposition of ClFg to CIF and Fp
at a temperature lower than that required for the pure material.

A comple.e de<omposition of the reactants and a heavy attack
on the reactor walis occurred when equimolar amounts of ClO,F and
C1F3 were reacted at 375°. The volatile products were mainly CIF,
Cl,, and O; and the solid residue was a mixture of metal flucrides
=7id chlorides.

- 15 -
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When solid CsClF4 was reacted with gaseous ClO,T at tem-~
peratures up to 300°C in stainless steel cylinders, the products
were oxygen, CsF, NiF,, Cs;NiFg (Ref. 18 and 19), Cl;, and CIF.
Considerable amounts of reaciants were recovered unchanged.

In an experiment to attempt either a fluorination of ClOzF or
the formation of the hypothetical salt CsClOpF5, a mixture of CsF
and C1O2F (3:2 mole ratic) were combined in a monel cylinder and
heated to 150° for 28 hours. On cooling, the CsF and ClOZP were
recovered unchanged. Another charge of the CsF and ClOZF mixture
was heated to 300° for 17 hours. On cooling, the gas phase con-
tained only trace quantities of the infrared absorbers CF, and SF6
and the balance of the gas phase was the infrared inactive Gl,, Oj,
and F,. The recovered yellow solid was subjected to X-ray diffrac-
tion analysis, and it has been found to have a pattern similar to
CsCl and isomorphous with Cs-NiFg.

In subsequent experiments, a number of solid ionic materials .
postulated to contain the ClOZ'" ion were prepared by reacting
ClOgF with strong Lewis acids e.g. ClO3803F, Cl028bFg,
C1C,AsTg, ClO2BFy, and ClO,PFg (Ref. 20 and 21) sir.ce com-
plexes of this type offer promise as stable oxidizers providing
suitable anions can be combined with the ClO3* moiety. To date
such an anion does not exist which forms a stable salt in conjunc-
tion with the ClOz‘" ion.

The alleged preparation of CIO3F3~ anions by reaction of
chlorates with acid fluoride in aqueous solution has been shown to
be in error (see prior discussion). However, it is expected that
such an lon would be a strong oxidizer and the preparation wculd
have to be carried out under anhydrous conditions, possibly using
materials like C1O3F as intermediates. Theoretically, the ion is
plausible a' i would involve an sp:‘d bond hybridization which could
be described as a trigonal bipyramidal configuration, with the two
oxygen atoms and the unshared electron pair in the equatorial posi-
tion and the two fluorine atoms at the apices. '

F

F
- 16 -
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This structure has been postulated for the I0,F~ ion (Ref. 5,
page 181) based on X-ray data for the crystal KIOzF; (Ref. 22).

As indicated above unsuccessful attempts to prepare ClOzF;-1
were made using CsF and ClO3F as reactants, and subsequent work
was carried out using NO2F and ClO5F.

An adduct of NO2F with C1O0;F was prepared by combining the
gases and storing the mixture {condensed liquids) at -78° for 4 days.
On warming the solid to 0°C the following vapor pressures were
noted and plotted on the graph (Fig. 2). The apparatus was not
designed for determining the melting point of the solid but it appears
to be in the range -30° to -20°C.

Temp. °C Pressure
-78° 15 mm
-71° 25
-68° 35
-60Q° - 65
-56° 80
-45° 130
-43° 145
-40° 170
-35¢ 245
~25° 375
-15° 550
~10° 620
~5o €30

0° 740

The plot of the above data shows a discontinuity at T= -22°C
which may be attributed to @ phase change and is in support of the
observed melting point range. More exact pressure data may
Jocate the phase transition with better accuracy.

The NO,F-ClO,F solid adduct was treated with ClT3 to
determine the relative stability of the adduct and NOZCI}‘4 (Ref.
23). ClF3 was condensed on the pale yellow solid at -78°. On
warming to about -30°, the adduct appeared to melt and formed an
oily layer above the ClF3. It was found that all three components
could be distiiled from the two phase system. It would appear that
NO2F-CIO3F is insoluble in CIF3.

-17 -
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Fig. 2. Vapor pressure of the NO,F-ClO,F solid adduct
(Intersection at T=-22° C)
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In a second related experiment NO3F-CIlO3F and an equimoiar
amount of CI1F3 were heated to 300°C for 10 hours in a large excess
of fluorine (10x). The resulting products were primarily ClFg and
some ClO3F, ClOoF, O; andNj.

E. Investigations of the Preparation of Derivatives of Chlorine
Trifluoride

1. A number of exnloratory reactions were carried out to
determine whether the fluorination of C1F3 or a physical activation
of the CIF3 molecule could bo used —a. to prepare higher fluorinated
homologs; b. to effect polymolecular condensations: c. to prepare
‘new ionic C1-F compounds. Although qualitative considerations of
possible valence bond orbital hybridizations, effective atom radii,
and orbital energies tend to rule out homologs highar than ClFg,
serious effort was given to this work. The experlments are described
below.

Chlorine trifluoride was heated at 470° in an attempt to pyrolyze
the material and to condense it to higher homolegs; however, this did
not occur and the CIF3 was essentially recovered unchanged.

Continuous discharges of 27,000 volts were placed through pure
ClF3 held at 6-8 psig in the apparatus illustrated in Fig. 2 for periods
up to 24 hours. The only products observed were various volatile
fluorocarbons resulting fr n attack of the Kel-F insulator by the CIF3.

In a similar experiment continuous electric discharges {25,000~
30,000 volts through mixtures of C1F3 and F3 did not appear to cause
any reaction at ambient temperature and the reaction times and
reactant ratios were varied with no effect. As expected, the potentiai
drop and current flow are dependent on the pressure which was varied
in the experiments up to a maximum of 50 psig. Temperature appeared
to be the most important variable. At 0° some CIFg was formed although
the yield was less than 1%; however, on decreasing thes temperature to
-78°, the amount of CIFs is increased five-fold to about 5%.

Apparently the chilled cell is more efficient since the formation
of C1Fg occurs in the liquid phase or at the gas -liquid interface by
reaction of fluorine atoms with ClF3. Since the ClFg is in the liquid
phase, it is essentially removed from the discharge zone in the
gaseous phase and the probability of dissociation is minimized.

It is suggested that the mechanism may involve the following reactions:

- 19 -
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F, + e ——> F~ + F
F~ + G]F3-—-———>CIF4—
ClF4— + F ———> CIFS + e

CIFq at a pressure of 400 mm. Hg was unaffected by a two
hour exposure to a Cob0 gamma irradiation (240,000 roentgens/hour) .

Chlorine trifluoride was reacted with CsF at 80°C and 150 psig
for 24 hours to form CsClFy4. The reactor was cooled and varying
amounts of oxygen were introduced to the reactor. The gas-solid
mixture was heated up to 300° developing pressures of up to 3150
psig. The cnly products observed were CIF and Fy resulting from
decomposition of the CsClF4.

2. A more intense investigation wa= carried out to prepare
oxygenated derivatives of ClF3. Theoretically it should be possible
to prepare O+« CIlF3 and 02C1F3 {considered to be distinct from the
isomeric unstable adduct reported by Streng and Grosse (Ref. 24)
which was prepared by a low temperature reaction of OpF, with CIir).
In fact, the former compound has been prepared in this laboratory
by the fluorination of ClyC and alsc py-ine reaction of Cl;0 with
OFz. Rocketdyne had earlier reported the synthesis of OCIF3 by
the fluorination of Cl;0 and CLNO3 {Ref. 25). This work will be
discussed later in the section on "Chlorine Oxides™; it should be
noted that all pertinent physical data have not been determined as
of this date: however, it is expected that OCIF3 will be a relatively
stable liguid {extrapolated boiling point, about 30°C). Its structure
will probably involve a p3s hybridization and be tetrahedral; however,
since the hybridization will include the 3 p and 4 s orbitals (the latter
has lower energy than the 3d orbital) the configuration may be that
of a distorted tetrahedron with the oxygen atom located at stretched
apex.

-20 -
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CORONA ELECTRIC DISCHARGE APPARATUS
{Sectional Diagram - No scale)

Aluminum rod 1/4" D
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Inlet ard outlet fittings - standard flare fittings (Teflon)
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Chlorine trifluoride was combined with CsF to form CsClFy
and this solid material was treated with oxygen at 280-310° at
pressures up to 4300 psig in a monel reactor. The only reaction
noted was dissociation of CsCIF4 to CsF and GIF3 and subsequently
the ClF3 decomposed to CIF and Fj3.

Other reactions which can be considered as attempts to oxidize
CIF3 with ClO3F and ClO;F have been described in previous sections
which discuss the fluorination of the latter two compounds,

3. During the course of the work studies were made of the
known complexes formed by C1Fq for background infcrmation: to
similar work carried out with CIFs and systems investigated in the
electrochemical work (see later discussion}). Most of the complexes
of CIF, are ionic and contain either the CIF,¥ or the CIF4~ ions.

ClF;SbFg was prepared by combining CIF3 with SbFg (Ref. 26).
The reaction is exothermic as evidenced by the warming of the Kel-F
trap at the interface of the two reactants and the necessary diffusion
of liquid CIF3 through the solid CIF,SbFg to contact fresh Sbl—‘5 is a
convenient rate governing phenomenon; otherwise, the exothermic
reaction might have to be controlled by cooling. The density of
CIF,SbFg is somewhat between that of SbFg and CIF3 and was
tentatively taken as 2.2 g/cc. and the melting point was determined
as 225-228°C.

In contrast to the reported unsuccessful attempt to prepare
NO2CIF4 (Ref. 27) in the open literature, this compound was easily
prepared by reacting NO3F with CIF,.

It 1s important to note that in contrast to NOCIF, which is
formed on contact of NOF with CiF3, the formation of NO,CIFy is
a slow reaction at -78°. Following preparation of NOyClF the
vapor pressures were redetermined.

Vapor Pressure of NO,ClF 4

T(CC Observed (mm.) Calc'd. (mm.)

=50 30, 35 33

-40 65 63

=30 110 111

~20 180 188

<10 300 319
0 480 4381
9.5 760 755
15 930, 940 S20
20 1126 1122
25 1350, 1360 1369

-23 -
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A least mean sguare treatment of the above experimental data
gave the foilowing equation which was used to determine the
calculated values above.

(1) log p (mm)=7.945-1436
T

From these data one may ralculate the temperature variation of
the equilibrium constant of the dissociation reaction of the following
reaction:

(2) N02C1F4 (S) _— NOZF (g) + ClP3 (g)
Kp=PNO,FPCIF; = (1/2Porai)? = 1/4 P2 otal
(P is expressed in atm.)

From the data the following values for the equilibrium constant
were determined:

Temperature Variation of the Equilibrium
Constant for NOZCH‘4

T C Kp (atm.) log Kp
-50 5.302 x 1074 -3,214
-40 1.828 x 10-3 ~2.746
-30 5.237 x 1073 -2.264
-20 1.402 x 1072 -1.809
-10 3.895 x 1072 -1.355
0 0.1039 - .9855
9.5 0.2500 - .6163
+15 0.3824 - .4459
+20 0.5429 - .2755
+25 0.8006 . - .1051

These data may be expressed by the followirg equation:

(3) log Kp=9.409 -2840
T

Assuming that A\H is invariant with temperature and is
represented by the slope of equation (3), one may obtain an
approximation of the heat of dissociation of NO;ClFy.
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-OH = -2840
2,.303R

N\ H dissociation=13 kcal/mole
The reaction of NapsOj with CsCIF4 was carried out in an
attempt to introduce oxygen into either the tetrafluorochlorate anion
or the CIF3 molecule, e.g.

CSCIF4 + Nazoz-éCsClOze + 2Naf

2CsCIF4 + 3Na,0y ———> 2CsClO3F + 6NaF

3CsClry + Na202 > 3CsF + 2ZNaF + CIF + 20ClIFj3

From -78°C up to 300°C only a trace of reaction was noted with
ClO,F, CIF and Oy being the only products. When & separate

mixture was programmed for a heating period at 400°C, an exo-
thermic reaction seemed to be initiated within 30-35 minutes of

the start of heating or when the temperature reached about 315°C.

The reaction then appeared to be sustained and exothermic. Within
the hour the reaction appeared to be Iinished and heating an additional
6 hrs. produced no changes. The reaction products were chiefly O3
and Cl; plus a solid mixture containing CsF., NaF, CsCiFy, and a
small amount of CsyNiFg.

In a similar approach, the reaction of NayO, with ClF,SbFg
was carried out in an attempt to bring about the following reaction:

NayO, + CIF,SbFg — = CIOF + NaF + NaSiFg + 1/20;
or
Na,0p + CI1Fp8bFg ——> CIOF3 + SbFy + 2Naf + 1/20;

The Nap03-CIF;SbFg system was less reactive than the NazO,-
CIF4SbFg system (see Section F). No appreciable reactlon was
noted up to 125°C and the conversion, after 24 hours, was only
2-4% at 160°-170°C. At 250°C, a sudden reaction occurred after
a delay of about 30 min. at 250°C and a temperature rise of 30°C
at the wall of the autociave was notad in less than one minute.
On cooling, the products were found to be CIF3, CIF, CIO3F and
O3 and the solid product was NaSbFg. At 250°C, the reaction
was 90-95% complete (estimate based on recoveries). No new or
unknown compounds were detected.
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F. Investigation: of the Preparation of Derivatives of Chlorine
Pentafluoride

The approach to the preparation of derivatives of ClFg was
similar to that used for CiF3 and broadly, can be grouped under
three headings: (1) attempts to form cther Cl-F compounds, (2)
attempts to prepare C1-O-F compounds znd (3) attempts to
incorporate the ClFs molecule in an adduct or salt useful as 2
solid oxidizer.

Two preparative methods for CIF5 were used and their relative
merits were compared. The first method inveclved the following
separate reactions:

o

CsF + C1F3 W CsClFy4
psig

o

Fp + CsClF, Wcms + CsTF

The above sequence usually required three days per batch of
CIFg (10-15 grams) with conversions of 60-85%. Yields based on
the CsClF4 converted were nearly 100%.

The second method was a direct fluorination of C1F3:
300°
F, + ClFqy —/m—>
2 3 2500 psig
Tn contrast to the first procedure, the direct fluorination is

the better method for laboratory preparation since it only requires
one day per batch and conversions of C1F3 are above 90%. Ylelds
of over 100 grams of ClFg are usually obtained in a single run using
a conventional laboratory scaie autoclave.

Tt was found that the latter preparative method was sensitive
to the composition of the reactor metal with the best yields obtained
in nickel. TUnder conditions producing near quantitative yields in
nickel reactors, experiments carried out in stainless steel or monel
reactors qave either much less ClF5 or a0 ClFg at all.

As in the case of CIF3, attempis to prepare novel C1-T

compounds using ClFg as an intermediate have involved pyrolysis,
fluorination and electric discharge techniques.
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Pyrolyses of ClFg were attempted at 375° and 430° to
determine whetner CIFg could be condensed to higher homologs
or to solid material. At 375° in a nickel reactor (maximum
pressure, 500 psig), ClF5 decomposed only siightly (< 10%) to
CIF3 and Fp. At 430° in a monel reactor, ClF5; was quantitatively
decomposed to CiF3, CIF, and Fp. Note again the apparent
effect of the reactor metal.

An attempt to upgrade ClFg with elemental fluorine was
unsuccessful. A 4:1 mixture of Fa and ClFg was heated to 375°
for 16 hours with a maximum pressure of 2800 psig. The only
observed reaction was a decomposition of CIFg to C1F3. This
was unexpected in view of the large excess of fluorine present
in the reactor.

C1F5 did not form an adduct with, or react with, CsF in a
liguid-solid phase reaction at -78° for 8 days. The same reactants
were transferred to an autoclave and the system was heated to 150°.
This was followed by a reaction with a second mixture at 300°,
Material balances were obtained in both cases as shown below.

Reaction Temperature

150° 300°
CsF charged (moles) 0.10 0.10
CiFg charged 0.12 0.12
CIFg recovered 0.054 0.047
ClIFg consumed .068 .073
Fy recovered .071 .097%*

{* probably a small quantity of air in recovered sample)

X~-ray diffraction analysis indicates that the solid products are
mixtures of CsCIF4 and CsF. The overall reaction can be
summarized by the following equations:

a. ClFg——=Clfg + Fy
b. CIFy + CsF——> CsClFg

In other experiments pure CIFg and mixtures of Cif‘s with
CIF3 were subjected to electric discharges of 19,003 to 30,000
volts at pressures of 532 mm. Hg to 20 psig in attempts to upgrade
the fluorine content of the C1Fg or to form new chlorine fluorides.
No new products were observed.
~27 ~
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As is pointed out in the Introduction to this report, the
structure of CIFg is considered to be similar to that of Brfg — i.e.
octahedral with the unshared electron pair occupying one corner.

Under the proper conditions, it might be expected that the
electron pair could form a dative bond with certain electron
deficient atoms or molecules as O, NO, NOF, etc. Typical of
these would be CIF5O and this compound might still retain the
octahedral configuration of the original ClFs.

In addition, the pyrolytic degradation of ClFg or degradation
of C1F5 by physical means may produce intermediates more reactive
toward oxygen-containing reagents than either ClF5 or ClF3.

The following experiments were carried out to form novel
C1l-O-F oxidizers.

Chlorine pentafluoride and Qg were reacted together, in
two. separate experiments, at 375° and 430°. A 7:1 mixture of O,
and ClFs is stable indefinitely at 25°; however, when the mixture
was heated to 430° for 16 hours (maximum pressure, 2600 psig)
the ClF5 decomposed completely to ClF3 and F2. At 375°, the
decomposition of CIFg5 was only slight under the same conditions.

It appears that.oxygen has ne effect on the thermal stability of
IT-

[ ¥y a -

Gaseous ozone, generated by a Welsbach unit, was passed
through ClFs5 maintained at -95° to ~97°C. There was no visible
reaction and no new products were formed. When ozone was
passed through a solution of ClFg in CClyF; at -80° the products
were ClO5F, ClOF, and ClF3.

Equimolar mixtures of gaseous ClOF and ClFs were heated
to 260°C and little or no reaction occurred. However, at 420°
only residual traces of ClOF and ClFg could be detected. There
were no solid products and the bulk of the gaseous products were
non-absorbing in the infrared region of 2-15 microns indicating
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decomposition of the reactants to the elements. Thisreaction
was discussed in detail in the section concemed with the
chemistry of ClO2F. Equimolar amounts of C.Fg and CIO3F

did not react at 300°C; therefore, the temperature was increased
to 400°C. Tt was expected that C1F5 would decompose; however,
it was hoped that the ClO3F might react with any trensient
intermediates or radicals associated with the CIFs decomposition.
This was not the case and the only products observed were CIF,
CIF3, CIO3F and Fy. There was no indication of the formation

of the hypothetical ClO3CIF6 or the simpler derivative ClF50.

A similar experiment using Fp as a pressurizing gas (310°C;
2600 psiqg) was also unsuccessful and the C103F and ClFs were
recovered unreacted.

A 20% mole excess of NOyF was reacted with CIFg at -78°C
for several days. The excess NO3F was easily removed under
vacuum (vapor pressure of NO2F, 560 mm at -78°; CIF5, 23.6 mm).
The residual material at -78° was a relatively non-volatile yellow
liquid with a vapor pressure of about 5 mm Hg, containing 4.1 g.
(0.063 moles) of NOyF and 8.7 g. {0.067 moles) of CIF5. The
mole ratio C1F5/ NO,F is 1.06 indicating an equimolar complex.

NOF + ClFg —> NO,F-ClFg

On warming the complex to -35° (\;.p. 310 mm) both NOZF
and CIF5 can be identified in the vapor phase by infrared analysis.

1t is interesting to note that the liquid material cannot be a
simple soluiion since the vapor pressure (5 mm Hg) at -78° is
considerably less than that predicted by Raoult's Law

i
PT=%x1?i=.5 xPcu_.5 + .9 PN02F=

.5x23,6 + .5x560=291.8 mm

The observed vapor pressure of the adduct is given below
and is presented graphically in Fig. 4,
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Vapor Pressure of the NO;F-Cl1Fs System

Temp {°C) Pressure (mm Hg)
-105 5
-100 10
-35 15
-90 25
-85 35
-78 55
-70 90
-65 130,135
-60 155
~55 230
-50 275
-45 365
~42 385
-40 420
-35 . 560,570
-30 685
-28 760
-25 - 840,850
-20 1045
-15 1210
-10 1510

Ir contrast to the solid adduct formed by NOsF and CI1F3,
the NO,F-CIF5 system produces a liquid which likely is a molecular
adduct rather than a polar complex.

Quantities of Cl¥ySbFg and Clfy SbFg were synthesized by
reactions of SbFg with ClF3 and ClFg. Neither solid had an
appreciable vapor pressure (i.e. greater than 5 mm) at 25°.

Although reactions have been carried out using exXcesses of both

SbFs and ClFg5, we have found only a single well-defined combining
ratio of 1 mole ClFg to 1 mole SbFs. This is in contrast to data
obtained by other investigators (Ref. 28) who report ratios of 2.5~
1.5 SbPS to 1. ClFg. This is probably associated with the difficulties
of assuring complete reaction and removing unreacted starting
materials. Reaction at -14° (b.p. of CIFS) is complicated by the
fact that SbFg (m.p. 7°C) is frozen and the ClFg must diffuse through
the C1¥4SbFg formed before it can contact and react with the solid
SbFg. At ambient temperature the liquid SbFS wets the product and
reaction between gaseous ClFg and liquid Sbfg proceeds rapidly.

Due to the low vapor pressure of SbFg (b.p. 143~145°) it is preferred
to use a large excess of ClFsg.
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Fig. 4. Vapor pressure of the NOzF-ClFg System
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The melting points were determined as 34-35° for C1F4SbFg
and 225-228° for CIFZSbFe. In charging X-ray sample tubes the
CIF4SbFg will melt due to the warmth of the technician's hand.
Loading was easily carried out by chilling the sample beforehand
and by cooling the fingers of the dry-box gloves prior to handling
the sample tube.

X-ray diffraction patterns have been obtained for both
CIF,SbFg and C1F45bFg; howsver, the resolution is not of high
quality. :

Attempts have been made to obtain infrared absorption spectra
of these materials by the use of mulls with perfluorinated solvents
or by pelleting the samples with inorganic diluents. These salts
are so reactive that only highly fluorinated solvents are compatible
and the fluorinated solvents on hand are either so volatile that a
poor mull results {through evaporation of the solvent and subsequent
light scattering and diffraction) o. the solvents have an excessive
infrared absorption of their own.

Both ClF2SbFg and CI1F4SbFg were compatible with FC-75
(Minnesota Mining and Manufacturing Company parflucrinated
cyclic ether), fluorolube oils, and Halocarbon Qil 11-21. With
Kel-F Oil #10, the solids turned red and some coloraticn was
imparted to the oil. There is smoke, charring, and fire when
the solids are contacted with CClg, I-113 (CFCIZCcml) . CHCl3,
silicone oils, mineral oils, fluorobenzene, chlorobenzene, toluene
and benzene.

The extreme reactivity of these salts is indicated in Fig. S.
The botton sections of an electrochemical cell are shown. These
are fabricated of Kel-F plastic which is inert to C1F3, ClFg, and
SbFg at 25°. However, on contact with either ClF,SbFg or
CIF4SbF for 6-10 hours at 25° severe stress cracking results.
It is emphasized that these cracks are not due to thermal strains
and have been observed also in Kel-F bottles used to store the
solids. 1t is believed that extreme fluorination of the plastic
occurs locally due to the reactivity of CIF2+ and C1F4+ cations
which causes surface stresses eventually leading to cracks. In
general, the C1F4+ appears to be more reactive than C1F2+ and
will produce the cracking phenomena in about half the time.

1t was observed that, when ClF3 was added to solid
CIF48bFg, the material will slowly dissolve and simultaneously
evolve ClFg. Itis believed that a displacement occurs according
to the following equation:
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Fig. S

Stress Cracked Kz21-F Plastic. Result of
Contact with ClF.-8bFg Adduct. (Cracks
treated with dye ?or contrast).
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CIF3 + CIF,SbFg — = ClFZSb‘FG + GIFST

The solid C1F4SbFg dissolved in SbFg was heated to 375° in
a stainless steel autoclave. The mixture decemposed completely
and severely corrcded the autoclave to produce metal fluorides and
chlorides. A residual pressurz of 570 mm. Hg. was due 10 the
unexplained presence of CFy, CoFg, and SiFy.

CIFs was reacted separately with SFq, SFg, and BF3 at 25°
and pressures up to 40 psig. There was no indication of the forma-
tion of complexes. The systems were then cooled to -78°¢ and still
no evidence for ccmplex formation was obtained.

ClFg and KCiO3 reacted to a very slight extent at 150°C
vielding small amounts of C1O3F and OF; in the vapor phase and
a detectable quantity of KF in the solid. However, at 250°C,
the reaction was nearly complets since only traces of residual
ClFy could be detected. The major comgonnents of the gaseous
products were ClO3F and C1O2F with lesser amounts of Oy and OFj,.
The X-ray diffraction pattern of the residual solid was identical to
that reported for KCiF4 {Ref. 29).

Cl1Fg and KC104 reacted slighiiy at 150° to give traces of Oy,
C103F, and C1O;F and some KF in the solid. At 250°C reaction
was substantially greater producing ClO3F and Oy as the major
volatile products.along with a lesser amount of ClO2F and some
residual ClFg5. X-ray powder pattern of the solid showed primarily
KF and KHTFjy with additional lines which coincide with the major
lines listed for KCIF4 (see ref. above).

Similar work was carried out using CsClO, as a reactant and
the volatile products were identical to those obtained using KC1Oy4.
The solids were CsF, CsHFy, and some CsClFyg.

The controlled hydrolyses of CiF; and XeFg vield, respectively.,
ClO,F and XeOF4. The probable reactions may be as follows:

CIf; + Hp,O — [CIOF} + 2HF
2 [CIOF] ——= CIO,F + CIF

and
XeFg + HZO———-—>XeOF4 + 2HF
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By analogy, ClFs might react with water under moderated
conditions to yield OCIF3.

CIFs + H20 > OCIF; + 2HF

Since direct hydrolysis is difficult to control, the water
was used in the form of 2 hydrate of nickel fluoride and the
reaction was studied in both static and flow systems.

static system:

A mixture of NiF,*4H70 and ClFg was reacted overnight with
heating (200°). In addition to the unused excess ClFg. the
gaseous products obtained were primarily CIO2F and ClO3F, with
some HF. The concentration of ClO;F was slightly higher than
that of C1O3F. The solid phase contained NiF7 and NiFz-xHF.

The overall reaction may be represented by two competing reactions:

2CIFg5 + NiFp-4H,0 =2CIO,F + BHT + NiFp

4CIF5 + 3NiFy*4H,O0 - 4CI03F + 16HF + 3NiT, + 4H,

iflow system:

ClFg was passed over NiF;-4Hp0 in a monn~l tube in two exper-—
iments at ambient temperature and at 190° for a total of 3.5 hours
ecach. The only products cbserved were principally CIO3F and some
ClO3F. The solid residue contained NiFy, NiT2-4HZO, and some
lower hydrates. These results plus those above indicate that a
static system favors the formation of ClO3F and a flow system
favors ClOaF. In addition higher temperatures in the flow system
yield larger quantities of CiO,F. These data are opposaed to the
expected results if one proposes the formation of caoar by the
thermal decomposition of C105F.

In a subsequent brief exploratory reaction carried out for
background information, a mixture of CIFg and §i0, was heated
slowly to 250° with no sign of reaction. After 1.3 hours at 250° a
a sudden exothermic reaction occurred, and the pressure went
from an autogeneous 600 psig to an unknown peak pressure and
returned finally to 1850 psig within minutes. Considering the
mass of the autoclave the heat liberated must have been appreciable
to give such a fast response o> the temperature rise. The thermo-
couple was located in the autoclave wall and is normally slow to
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respond to thermal changes. On cooling the products were
found to be SiFy4, CIF3, Oy, some ClOgF, and & trace of
unreacted ClFg.

The synthesis of novel C1-O-F compounds was attempted
using Na;05 to introduce oxygen Into the halogen fluorides and
their derived lons.

Possible reactions might be:

NayO; + ClFg —— CIOF3 + 2NaF

Na,Op + 2CIFg > 2CIOF3 + F, + 2NaF
Na,Oz + 2CIFg———>CIOF3 + ClOT5 + 2NaF

No reaction was detected at 25°C but on increasing the tem-
perature a sudden vigorous exothermic reaction occurred at 150°
which appeared to be initially a thermal decomposition of the
Na,0jp followed by reaction of the Na202 and its degradation
products with C1Fg to form NaF and CiF3. The heat was
sufficlently intense to decompose most of the CiFg to ClF3

and a small amount of CIF.

The reaction of NayO, with C1F,Sbfg was studied in an
attempt to introduce oxygen into the C1F4+ cation. The synthesis
of C1OF3 and/or CIOF5 might be realized from a reaction of this
type according to the equation:

NapOy + CIF4S8bFg =~ CIOF3 + Nal + NaSbFg + 1/20;

a 2:1 molar mixture of CIF4SbFg:Na,Op was subjected to slow
stepwise heating from -78°C to 250°C. The above proposed
reaction did not take place; however, known compounds such as
ClOyF, ClIFg, CIF3, CIO3F and some O, were obteined as the
volatile products. The solid product was NaSbF‘B, as expected.
The reaction was slow and the conversions, after 24 hours, were
as follows: 2-4% at 75°C, 10-15% at 125°C, 30% at 160-170°C
and 30% at 250°C. Additional time would undoubtedly have brought
the reaction to completion.

G. Investigations of the Fluorination of Chlorine Oxides

As discussed previously, it has been proposed that com-
pounds and ions such as OCiF3, O,CIF3, OCIFs, O2CIF2”,
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OCIFZ"', etc., may be sufficiently stable to be isolated and
studied. This phase of the work was an attempt to prepare
these compounds and ions by the fluorination of the unstable,
explosive, odd-electron molecule ClO; or the analogous, more
stable, Cl,0.

Cl10;, diluted with nitrogen, reacted completely with ClFg
at a maximum temperature of 110° to produce ClO2F and Cly
which were identified by infrared and mass spectrometric analysis.
With the exception of the excess ClF5, no other products were
detected. The reaction might be represented by the following
overall equation:

10Cl0y + 2ClFg —== 10 CIOyF + Clz

The results indicate that all of the fluorine in CIF5 enters into the
reaction and that C1F3 and CIF (the degradation products of CIFs)
would probably behave in an analogous way.

No reaction occurred between NF3 and CIC; under flow condi-
tions at ambient pressure and temperature up to 110°C.

Or; is a strong oxidizer and it was considered probable that
it might serve as a fluorinating agent toward ClOy under flow
conditions at moderate ‘zmperatures (< 110°C). The product
mixture contained primarily ClFg, a significant amount of C1O3F
and a lesser amount of CIO3F. Itis suspected that Oy was also
{formed: however, no specific attempt was made to trap or isolate
it. The following equations probably represent only a few of the
many possible reactions which occur:

a. 4Cl0; + 60Fy > 2CIF5 + 50, + 2C105F
b. 2CI03F + Oy —> 2CIO5F
c. 2Cl10Oy + Fp— 2CIG,F
d. ClO, + OF, ——>ClO,F + 1/2F;
e. 2Cl04y + i .= -= GIOF + CIO3F
Thé results would indicate that equation a. represents the generél

overall reaction and that equation h. occurs to & significant extent.
No new or unidentified materials were detected.

.37 ~

CONFIDENTIAL



CONFIDENTIAL

The reaction of ClO, with F3 is the preparative method for
the synthesis of ClO,F. Since NyF4q can be considered as a
pseudohalogen, readily dissociating to NFz-radicals, it is
reasonable to suppose that NyF4 might react with the odd-molecule
ClO2- to form ClO, as below.

NyFy — 2ZNFy"
?
NF,- + ClOz- ——= 02CINF;

The reaction was smooth and the only products isolated were NOF
and Cly as well as small amounts of N, or F3. There was no
residual ClOz in the product mixture and no new or unknown
materials were detected.

The study of the fluorination of C1,0 was initiated hy reacting
it with F. at ambient temperature in a flow system. ClyO was
freshly prepared in advance by passing a (1:1) Clz/Nz mixture at
about 200 cc/min. (total flow) through a 24" x 1" monel rractor
packed with 31.0 g. (0.143 moles) yeliow basic HgC on glass wool.
The Cl,0 was condensed at -78°C and stored at this temperature
until time for use. The red-brown liguid at -78°C was predominantly
Cl,0 containing a small amount of unconverted Clj.

The crude Cl20 was warmed from -78°C to 0°C and vaporized
with a stream of N passed at a rate of about 250 ce/min. This
C1,0/N5 mixture was combined with Fp {280-300 cc/min.) at ambient
temperature and the entirs mixture was then passed through a
4000 ml. reactor (estimated residence time; 7 min. + 1 min.).

The condensable products wera caught in a trap cooled with liguid
oxygen (-183°). Tre products were identified as C1O;F, Clry and
some ClO3F.

Cl;0 and a large excess of F, were charged tc a monel
reactor and kept at 155°C for 7 hrs. at a maximum autogenous
pressure of 590 psig. Aside from excess Fy. the precduct mixture
contained ClOF and ClF3 as the major products, CIO3F and CIF5
as minor products plus a novel material believed to be CIF3O.
The ClF3O is still slightly in doubt because of the interference
in its infrared absorption spectra by ClO3F, CIF3 and the other
products and since the material was in small concentrations.

The identification of CIF30 was aided by the fact that curing
the time this work was in progress Rocketdyne personnel reported

their synthesis of this same compound and its infrared spectrum.
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In sub:~quent experiments, ClyO and a large excess of OFj
were passed ii.rough a copper —oil reactor at 15-20°C for several
hours. No reaction occurred. In a variation of this reaction a
1:3 molar mixture of Cly0 and OFy were heated for 5 hours at
130°C in a monel reactor and o reactor occurred.

This same 1:3 molar mixture of Cl;0 and OFy was then
heated at 185° for 20 hours (maximum pressure, 1275 psig).
(Note thermal decomposition of OF3 is appreciable in the 200°-
220°C range.) After 8 hours reaction the products were condensed
and pumped at -78° to remove CIO3F, CiFs, CIF3, and CiGQF
leaving residual pure ClF30.

Further work on the preparation and properties of this new
oxidizer was not possible since the contract expired.

H. Investigations of the Chemistry of Oxygen Difluoride

A number of reactions were carried out using OF; in attempts
to introduce either oxygen or the -OF group into C1Fy molecule
and other molecules. It was also of interest to investigate the
possibility of polarizing the O-F bond and forming complexes of
OF3. A few proposed reactions include:

OFy + CIF3 — OCIF5 or FOClFy (a2 covalent hypofluorite)

OF, + CIOyF OF*ClO5F;~

OF; + CIF ——— OCIF3

etc.

No reaction was detected between OF; and ClIF3 at temperatures
up to 280°C (macimum pressure, 1350 psig); however, significant
thermal decompesition of OFz did occur giving O2 and Fy. The
fluorine formed then reacted with the ClF3 to produce ClF5. The
principal reactions were:

OFy) — > 1/203 + Fp

F, + CIF3 > CIFs

No reaction occinrad between OFy and ClFg at temperatures
up to 300 ° (maximum pressure, 2950 psig). A major portion of the
OF, was thermally decomposed to Oz and F7 and the ClF5 was
recovered quantitatively.
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An equimolar mixture of OFy and ClO2F did not react at
250° (maximum pressure, 825 psig). As previously noted at these
high temperatures some thermal decomposition occurs. The CIO2F
was recovered along with a small amount of C1O3F which is
believed to be a product of the reaction of oxygen with C1O5F
since CIF and its fluorinated homologs, CiFg and ClFg, were
absent. CIF is known to be a product of the thermal dissociation
of CIO5F.

heat
3C10,F —22- > 2CIC4F + CIF

The overall reaction is therefore believed to be a sum of the
following reactions:

OF, —= 1/20; + F;

1/209 + ClO3F CIG3F

Oxygen difluoride. and perchloryl fluoride (C 1C3F) did not
react after 20 hours at 200° (maximum observed pressure, 1110
psig). Both compounds were recovered unchangec.

Oxygen difluoride and nitrogen trifiuori.e did not react after
7 hours at 300° (maximum observed pressure, 1975 psig). Some
thermal decomposition of the OF» was noted.

Oxygen difluoride and antimony pentafluoride were heated
together for 16 hours at temperatures up to 200° {maximum
pressure, 760 psig) in an effort to forra a complex of the type
OF"SbFG— or O'H'(SbFG)Z:. However, the reactants were
recovered unchanged.

Similarly, OFg was reacted with CsF at temperatures up to
200° in the hope of forming a complex. No reaction was noted.

Oxygen difluoride and CsClF4 were combined and heated
for 20 hours at 200° (maximum pressure, 790 psig). On cooling,
the product gases were found to contain small amounts of O2, Fy.
and CiFs which were presumably formed according to the equations.

20F; —— Gy + 2F,

Fo + CsClFy = CsF + CIFj
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Oxygen difluoride and CiF4SbFg were heated for 18 hours
at 200° {maximum pressure observed, 500 psig) and, on cooling,
the product gases were found to contain ClFg, O5, and Fjp in
addition to the residual undecomposed CF;. Analysis of the
remaining solid showed that the CiF4SbFg had decomposed and
the residual material was richer in the nonvolatile SbFs

CIF4SbFg ——> CIF5 + SbFj

No reaction was detected between OF; and CleSbFG after
20 hours at 200°C (850 psig). As usual some decomposition of
the OF was obtained. Mass spectrometric analysis of the total
gas phase indicated the presence of OFz, O3 and a small amount
of Clg and ClFg.

Oxygen difluoride reacted with anhydrous CsCl1 at 200° to
produce a mixture of gases including C3, Clz, some CIF and
CIO3F and a small amount of CFy and SiF4 (the latter two com-
pounds were found to be impurities in the particular sample of
OFz used). The major products were chlorine and oxygen. The
residual solid was CsF admixed with a small amount of CsClF,
and sufficient Cs3NiFg to impart a reddish color to the solid.
The principal reactions probably include the following:

OFp + 2CsCl — 1/203 + Clg + 2CsF
OF; —>1/20, + F3

Clz + 3Fz——> 2CIF3 (and CIF in the presence of
excess Clj)

ClF3 + CsF = CsClFy
2CIF3 + 2CsF + reactor metal ——>CsyNiFg + Cl, + MF,
The CiOyF can be accounted for by the oxidation of CIF.

In order to further explore the reaction of OFy with metal
chlorides in search of C1-O-F compounds, OF, and NaCl were
heated in a monel cylinder at 200°C for 18 hours (maximum pressure,
940 psig). A reaction occurred and 94% of the oxygen in the charged
OF;, was recovered as Oz. In addition the chlorine in the NaCl
used was almost quantitatively recovered as Cly. Other gaseous
products were very small amounts of CIF and ClOyF as well as CFy
and SiF4 present as impurities in the OF3.
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4NaCl + 20F; 4NaF + 2Cl; + O3

Calcium chloride (anhydrous) and OF; were charged to a
monel cylinder and, following the introduction of the OF; at
-196°, the cylinder was allowed to warm. During the warming
period, a sudden and highly exothermic reaction occurred which
heated the cylinder to a high temperature. After standing 24
hours, the products in the cooled cylinder were found to be O3
and Cl; with small amounts of CIF, ClF3, ClO,F and some
unreacted OF. The nonvolatile solid residue was identified as
CaFy. The principal reaction was:

CaCly + OF, — > CaF, + 1/20; + Cl,

The reaction of OFy with Cl; was carried out in an attempt
to prepare CIOF, CIOF3, CIOFg or ClO3F3. Streng (Ref. 30)
stated that when OF2-Cly mixtures were passed through a copper
tube at 300°C. small explosions occurred. In addition it was
reported that on warming mixtures of OFy and the halogens Cly,
Brp orI,, from -196°C. explosions occurred.

The mixture of OF9 with Cly employing No as a diluent,
gave indications of a trace of a smooth reaction occurring.
Therefore, it was decided to eliminate the Ny and to conduct
the experiment at ambient temperature or above despite Streng's
warnings of explosions. A binary mixture of OF; and Cljp was
warmed to ambient temperature but no reaction was cobserved
after 4 days under these conditions. Heating at 150°C finally
resulted in the formation of CIF and O2 as principal products.
It is suggested that the following rzaction occurred:

2Cly; + 20F7 ——=4CIF + Oy

No reaction was detected at ambient temperature between
OF; and CIF; however, at i50°C a slow reaction occurred as
indicated by a decrease in pressure over a period of time. The
main products in this reaction were C1F3 and Oy and a lesser
amount of CIOgF. The predominance of ClF3 indicates that
rerhaps two sets of reactions occurred. Although OF, by itself
is thermally stable to about 200°C, the decompesition to Oy
and Fy was presumably initiated or catalyzed by CIF resulting
in the following sequence of reactions:

20F, —= Oy + 2Fp
2CIF + 2ry ——= 2CIr;
- 42 - -
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In addition ‘o the ClF3 was found a small amount of ClO3F
which probably formed through an oxidation of CIF by elemental
oxygeil.

SIF + Oy =~ CIOyF

Another attempt was made to react OFp with CIF under
conditions less severe than described above. The gaseous OF
was reacted in a flow system with CIF diluted with Ng at & 4-6
minute residence time. In addition to the recovered reactants,
the product mixture contained some Oz and another unidentified
component(s). The unknown materials were present in very small
amounts and possessed infrared absorptions bands in the regions
of 5.40, 6.15, 7.45, 7.8-7.9, B.92, 9.55. and 11.84. Mass
spectrometric patterns of the unknown materials gave’a paitern
which indicated that our sample reacted with the tube walls to
produce materials not present in our original mixture. The
strongest infrared unknown absorptions appear in the Cl-O region
with no indication of any Cl-F absorption. Further unsuccessful
attempts at identification were made by submitting the iractions
to gas chromatographic analysis. After seveial days of storage
in a stainless steel cylinder, we could no longer dstect the
unknown infrared absorption bands indicating the material may
not be very stable. We were not successful in subsequent
attempts to isolate and identify this small amuunt of material.

I. Investigations of the Chemistry of Nitrogen Fluorides

Throughout the program reactions were studied periodically
in attempts to use the nitrogen fluorides (NF3, NpFq, trans-
N,Fz. cis—NZFZ) as either fluorinating agents or as agents
whereby the difluoroamino group (-NFy) or the fluorimino group
(=NF) coul¢ be substituted into oxidizer molecules. Results of
these experiments are summarized below.

Nitrogen Trifluoride, NTj

Several exploratory reactions were carried out using NF3
in attempts to introduce the difluoroamino group into a ClFy
molecule. A few possible reactions are:

NF3 ClF3 —S Fch1F4
NFy + CsClFy —™~——= CsF + FzNClP4
Nfg + ClFg —~<—> PzNClFt} + Fop

etc.
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Unfortunately, the high thermal stability of the NF3 molecule
precluded such reactions under the conditions of our experiments

No reaction was detected between NF3 and ClF3 at tem~
peratures up to 425°C and pressures up to 1350 psig. The
reactants were recovered unchanged.

NF3 and CIF5 did not react after 20 hours at 325°C
(maximum pressure, 2125 psig). There was, however, some
thermal decomposition of the ClFg to CIF3 and Fp. The NF3
was quantitatively recovered.

No reaction occurred between NF3 and ClO3F at temperatures
up to 475°C over a period of 18 hours (maximum pressure, 2050
psig). All of the reactants were recovered unchanged.

NF3 did not react with CsClF4 at temperatures up to 470°C
over a period of 24 hours. The only products observed were the
unreacted NF3 and ClF3 and CsF resulting from thermal decomposi~-
tion of the CsClFy4.

A mixture of NF3 and C1F4SbFg was heated at 200° and the
products were NF3, ClFg, and an off-white solid contairing
SbFg and CIF5 in a mole ratio greater than one (i.e. SbFs/ClFs
1}. Since the NF3 was essentlally g1l recovered, it appears
that the pincipal reaction was a simple decomposition of the salt.

Cl1F48bFg ———= SbFg + CIF

Nitrogen trifluoride and difluorochlorine hexafluoroanti-
monate (V) (ClF,SbFg) were combined in a mole ratio 1.3/1 and
heated in a monel vessel at several temperatures:

a. At temperatures ranging up to 250°C and for periods
up to 3 hours, there were no signs cf reaction and the NFj and
CIF,SbFg wers recovered unchanged.

b. A second experiment at 350° for 23 hours duration
indicated no reaction between the NF, and ClF7SbFg and the

reactants were recovered unchanged.

No reaction occurred between NF3 and ClO2 under flow
conditions at ambient pressure and temperatures vp to 119°C.
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Tetrafluorohvdrazine, NoF,

It has been noted that N,F4 is a source of NF radicals,
and it is conceivable that a radical induced rezction of NzFy
with halogen fluorides might lead to unusual diflucroamino-
substituted halogen fi* .rides, e.q.

ClFs + NpFgq ——— CiF4N¥; + NFg
or
CIF3 + NgFq — > CIF3(NFy),

N,F4 and ClF5 did not react at temperatures up to 250°. When
reaction finally did occur at 250°C, NFq and ClFgy were the only
products suggesting 2 simple fluorination of N2F 4 by ClFsg.

NoF4 + ClFg—= CIF, + 2NF
2%4 5 3

3
In an analogous reaction of ClF3 with NpF4 an exoth. -~
reaction occurred at 25 resulting in fivorination of NyFy by
CIF3. It is interesting to note that the temperature was similar
to the initiating temperature of the ClFg system above. This
suggests that the initiating step is dissocfation of the Cl-F bond
since NpT; is appreciably dissociated at tHom temperature.

N2F4 ———=2NTFj

2NFp + CIF——>CIF + 2NF;

The reaction of CIF with N2F4 was carried out to inves-
tigate the possibility of CIF fluorinating NyFy and to complete
the sequence from CIF5 and ClF3. The reaction at 250°C did
produce NF3 and Clp as expected; however, an inordinate

amount of NF3 was founc as well as N2 suggesting a simulta-
neous thermal decompositicn of some of the NzFg.

NyFy — INF,

2NF, + 2CIF —> 2NF3 + Cly

3NyFy ———= 4NF3 + N

4NyFy + 2CIF — > 6NF, + Np + Cly

The heterogeneous CsCIF4-NyF, system did not interact
up to 250°C but at 350°C a rapid reaction occurred giving CIF,

NF, and No as gaseous products and a solid residue of CsF,
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CsCIF4 and some CsyNiFg. From the amounts of recovered
reactants and products it appears that the primary reactions
were simple deccmpositions

3NpFy — = 4NF3 + Nj
CsClFg — > CsF + CIF3
C]F3 ——— CIF + Fz

and a fluorination of NpF, by CsCIF4 according to the following
equation was only secondary:

CsClFq + NyFg —> CsF + CIF + ZNF3

The reaction of ClOj with Fy is the preparative method for
the synthesis of ClO3F. Since NzPy can be consldered as a
pseudohalogen, readily dissociating to NFy-radicals, it is
reasonable to suppose that N,F, might react with the odd-
molecule C103 - to formi C1O;NF; as below.

NpF, —— 2NFy-
sz' + CIOZ' _— OzclNPz

The reaction was smooth and the only products isolated were
NOF and Clz as well as small amounts of N3 or Fz. The
apparatus apparently contained some HF from the previous use
and with the NOF formed minute amounts of solid NOF- 3HF.
There was no residual ClOj in the product mixture and no new
or unknown materials were detected.

A reaction between N2F4 ané ClF4SbFg at 195°C produced
NF5, Ny, CIF3. CIFg, SoFg and a mixture (CIFyk-SbFg) of indeter-
minate composition. The amount of NFj3 recovered was greater
than could be theoretically expected from a thermal decomposition
of N2F4 .

3NgFg ——> 4NF; + Nj
Tae presence of C1Fg and SbFs is a resu!t of the decomposition
of CIF48bFg. The ClF3 in large quantities indicates that N,F4

was flucrinated to NF3 by the C1F5. The total reaction is the
sum of two reactions:
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CIF4SbFg ———= CIF5 + SbFg

ClPg + NyFq ~ 2NF, + CIF3

As above, the reaction of N,T4 with ClFpSbFg vielded NF3,
N2, Cl,, SbFg and some (C!FySbFg) of indeterminate composition.
From the amount of salt recovered, it was evident that the bulk
of NF, came from the decomposition of NpFy4: however, a lesser -
amount originated with the fluorination of NgFg4 by CIF3 and its
degradation product CIF producing ultimately Clg.

Trans-Difluorodiazine, trans-NoFg

An exploratory study was begun to evaluate the feasibility
of using N, Fp as a fluorinating agent toward C10,F and CIO3F
and as a complexing agent toward ClO2F and CIF5. The first
rhases of this work were carried out using an isomeric mixture
containing cver 95 mole per cert trans-N,F3.

No reaction occurred between trans-N,F3 and C1O3F in the
temperature range -78° C 1o 250°C and at autogenous pressures.
It is toc be noted that the trans-N,F, contained some cis-N,F; and
- NFg initially and following exposure at 250°C there was a slight
increase in the amount of NF3 present indicating that some
thermal decomposition of the difluorodiazine had occurred.

' No reaction was detected between CIFs5 and trans-N;F2
in the temperature range -78°C to 250°C. Again thermal decomposi-
tion of trans -N2F2 was indicated by the slight increase in the
relative NF5 concentration and, with this exception, a nearly
quantitative recovery of the starting materials was obtained.

When equimolar amounts of trans-NyFp and C10,F were
combined at ~78°C in a Kel-F trap, the observed pressure was
approximately that calculated for an ideal solution; however, a
color change occurred immediately on contact of the reactants.

The ClO;F initially was a pale yellow liquid at -78°C and on

slow addition of trans-N2F, the color changed to a deep yellow-
orange. No phase separation was noted. Infrared analysis of

the vapor phase failed to disclose anything other than the reactants
and on removing the difluorodiazine the CIOZF again assumed its
pale yellow color. Both reactants were guantitatively recovered.

In a second experiment, a similar but large charge was
stored in a monel reactor at 25° thus no color changes could be
observed. Infrared analy:.is of the gas phase indicated only the
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starting materials to b2 present. However, after this charge

was heated at 2006°C, a reaction seemed to occur. The pressure
rose steadily to a maximum of 230 psig in the first 4 hours at
200°C and then dropped and leveled off at 100 psig for the
balance of the heating period. Infrared analysis indicated that
CIF3 was the main product. Present aiso was scme uareacted
ClO3F, NFj3 {in a larger amount than present in the initial NZPZ)
and no trace of any diflucrodiazine. Mass spectrometric analysis
confirmed the presence of Ny and Q. No new or unidentified
materials wors dotectnd.

Cis-Difluorodiazine, cis-N2F2

Cis-NpF2 is known to form complexes with strong Lewis
acids and it was of interest to siudy the possibility of complex
formation with the C1-O-F oxidizers. No reaction took place
between cis-NyFy and Cl1O;F in the temperature range ~78°C
to 180°C. At 180°C, the thermal deccmuosition of cis-NjyFp
was noted and the ClO3F was recovered unchanged at the end
of the experiment.

No reaction was observed between cis-N2Fp and ClOzF
in the temperature range -78°C to 180°C. Conditicns were
limited to the point at which the thermal decomposition of cis-
NyFy was detected. A quantitative recovery or ClC3P was
obtained.

No reaction was observed between cis-N2F2 and OF; in
the temperaturs range -78°C to 150°C. At the upper temperature,
the cis-N3Ty was almost completely decomposed and a sliglt
decomposition of OF; also occurred but no new products wern
formed.

The reaction of cis-i,Fy with C1Fg could form NpFCiFg
according to the equation

N,Fp + ClFg ——> N,F¥CIFg~
and other possibie preducts can be speculated. The N2F+ ion is

known to exist in various compounds but the CliFg~ ion has vet
to be synthesized. We obserz2d no reaction, however, between
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cis-NzFy end CiFs in the temperature ran'ge -78°C to 15G°C.
At 150°C, thermal decomposition of the N r2 occurrcd and also
some degradation of Clfg to CiF3 and T toox place.

The expected synthesis of NyFClF, by reaction of cis-NpT»y
with C1F3 did not materialize. No reaction was detected between
the geses at temperatures up to 150°. At the higher temperatures
only the thermal decomposition of ¢cis-NjFy into I'.'z and Fp was
noted in addition to some ClFs formed from the subseguent rzac-
tion of elemental Fy with the CIFg present.

The reaction of cis=NF, with CIF did not yield Npf™ *C1F 2°.
As above, no reaction occurred in the ~78° to 150°C Le:nperaa,.re
rangs. The thermal decomposition of cis=N,Fg into Nj and Fp
was detected above 150°C in addition to some ClFz most likely
formed by a reaction of F; with CIF.

J. Electrocchemical Studies Relating to the Preparetion of New
Oxidizers .

This phase of thc prograiu was concerned with a study o
determine the feasibility of preparing new oxm’zcrs by elecirolysis
of systems containing as solventis or solutes CiFg, Cus, Cio. 7,
ClO3T and other halogen fluorides or halogenyl IlLO ides. As
indicated in several experr'ne*ns below, the feasibility of this
approach was partially demonstrated by the preparation oi Cilg by
electrolyses.

Unfortunately many of the halogen {luorides and halogenyi
fluorides of interest as solvenis and reactants are poor conguciors
and the electrical equivalents which can be passec through @
svstem are extremely small per unit time. It has beeu ol interest
therefore to screen potential system ., for conductivity anc to
attempt to provide additives for raising the conductivity to a
practical value. -

The cell used pariorms the dual function of an eiecirolysis
cell and a conductivity cell and the final design is ¢iven in
Fig. 5. This cell ~vas calibrated by measuring the resistance

of standard KCl solutions and the cell coastant was determined
as 0.243.

The conductivity values determined cduring this phase of
he work ars summarized in Teblell for ready reference and the

discussion of the work is glven in the following paragrazhs.
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Table II

Conductivities of Oxidizer Mixtues

Mole Specific*
Fraction Temp. Conductivity

Soivent Solute Solute {(°c) ° (ohm'l cm"ﬁ Remarks

Clfj 0° . 4x 1077 Non-conducting (NC)

Brf3 25°  7.53x 1074 Purer sample and lower
value than that reported
by Banks et al. (Ref. 31)

CIFs -23.9° <2.11x1077 NC

SbFg 25° <2.11x 1077 NC. Comparable to the
value reported by Woolf
and Greenwood (Ref. 35)

IFs 25° 5.65 x 1079 Commercial (99+%);
checks with literature

. (Ref. 36, 37)
CIO4F -51° <2.1x 1079 NC
BrFg -51° 1.88x 1078 Comparable to reported
0° 2.18x 107 values (Ref. 38, 39)
- 25 2.:3x 1076

NO,F - -78° <1076 NC

HF -12¢ <107 NC. See also Ref. 40

CIF3 CsF 0.01 0° 2.3-2.9x 10"1 Electrolyzed to give ClFyg

CIF;  CIFpSbFg  0.013 0° S5.1x1:07? Electrolyzed at voltages
up to 20 v. D.C. to give
quantitative yields of
CIFs

CIF3  BrFg 0.098 0° 7.6x107° NC

BrF3 0.50 0° 2.4x 1074 Unsuccessful electrolysis

at 10-11 v. D.C. Conduc-
tivity decreased to 1.2 X
1074 ohm~! em~!. No
products isolated.

(of ] ClOgF 0.044 -12° <1076 NC

CIF;  CIO4F 0.043  -12° 12.4x107% Some CIFg produced at

CsF 0.019 12 v. D.C.

ClFy  IFg 0.153  24° 4.21x107 NC

CIF3  ClO3F 0.146  -51° <1076 NC

SbFs ClFs 0.103 25° 2.64x 107° Not homogenecus; solids

* Values below 10-6 ohm™! <:m'1 were estimated from resistances measured with a
supplementary ohmmeter.
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© Solvent Solute
ClFs CsF
ClogF SbFyg
Brfg ClF3
NO,F CiFy
HF NOyF
HF CIFy
HY NO2F

0.130
0.040
0.130

[= N~ =]
— NN G
DO O
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; Tzble II (Continued)

Specific
Temp. Conductivi
{°C)_ (c:fnm'l cm” )
23> <1076
-51° 1076
0° 2.06x 1679
25° 2,38 x 10-6
78 <1676
-7g°  <10-6
-12¢ <1076
-12° <107
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NC. Solid SbFg present
NC

NC

NC

NC

NC

NC:; however, application
of 10 v, D.C. resulted in
a current flow of 1.3 amps
and formation of C1O3F,
ClFg and presumably Clp.
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ClFq/CsF System:

Addition of CsT to Cl¥, at a mole ratio of * tc 100 increased
+he conductivity from 4 x 1077 o’nm'1 cm-1 for the pure sclvent
to a sclution of specific conductance of 2.3-2.9 x 10-4 ohm~lem~i.
Electrolysis of this solution at 20v.D.C. resulizd in the formation
of ClF5; however, the yields wers not determined.

In the work with CsF, the formation of ZsClF4 had been
postulated as the contributing factor to the appreciable increase
in conductivity of the CIF3. However, on using previously
prepared CsClF4 it was found that the CsCIF4 was not soluble
in C1F3 at a mole ratio of 1:100. The speciiic conductance of
the mixture at 0° was about 4.23 X 10-7 ¢km-1 cm~! and approx-
imately equivalent to that of pure ClF3. Tr= mixture did not
conduct appreciable current at applied potentials up to 110 v.D.C.

It is concluded that no CsClF4 was formed in the experiment
employing CsF and ClF3. A pussible explanation may be an induced
jonization of the CiF3 by CsF according to the follecwing equation:

CIF3 + CsF —— CIFp* + CsF;~

CIF3/SbFg_System;

In view of the poor conductivity of salts supposedly contain-
ing the CiF4~ ion, investigations were carried out on complexes
of CIF3 with SbF5 which are postulated to be of the type CIFtSbFPg ™.

SbFs was reacted first with ClF3 tc yizld the white salt and
then the required C1F3 was added to produce a mole ratio
CIF5 SbFg=/CIF5 of 1 to 75.8. The specific conductivity of this
solution at 0° was 5.1 x 10-4 ohm™! cm~! and electrolysis was
conducted for 5.25 hrs. at increasing voltages of 6, 10, and 20 v,
D.C. with respective current flows of 0.005, 0.036, and 0. 12
amps. A total of 8.45 milliequivalents of electricity was passed.
Fractionation of the evolved gases served to separate ClFg in
virtually quantitative yield from the Cl; also produced and some
small amount of ClF3 which vaporized from the cell.

ClF5/BrF; System:

The conductivity and electrolvtic properties of liguid mixtures
of CIF3 and BrF3 were studied using proportions which were
respectively high in either one of the components, or in which
the proportions of the two were similar.
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The specific conductivity of BrF3 (m.p. 9°C) was deter-.
mined to ba 7.53 x 104 ohm~! em~! at 25°C for a material of
specified 98.0% minimum purity (Matheson Co.). This was
nitrogen-stripped before the conductivity measurement to
remove colored material believed to be bromine, as well as
any HF.

. The observed value is lower than the specific conductivity
of 8 x 1073 ohm~1 em~1 for BrF3 at 25°C reported by Banks,
Emeleus and Woolf (Ref. 31). They had prepared BrF3 from the
elements, distilled and performed conductivity measurements

in a quartz cell with platinum electrcdes. Qur cell was construc-
ted of Kel-F, with nickel electrodes. In a continuation of their
studies, Emeleus and Woolf (Ref. 32) demonstrated a quantitative
reaction between SiO; and BrFg in accord with the reaction 35i02 +
4BrF3—> 3SiF4 + 30p + 2Brp from which all products should be
ultimately volatile, Rather surprisingly, their experiment was
conducted in silica equipment. It appears, in any event, that the
difference between our observed conductivity value for Brf3 and
the previous report may be attributable to purity differences.

The conductivity of a solution of 1 mole of BrF3 in 9.2 mole
CIF3 was 7.6 x 1076 ohm~! cm~! (0°) and too low to attempt
electrolysis. The concentration of BrF3 was increased until it
was equimolar with C1F3. The specific conductivity of this
solution was 2.4 x 10~ ohm~! cm~! (0°) and the solution was
electrolyzed at 10-11 v. D.C. with a total of 286 coulombs
passed. We were not able to isolate products in order to explain
the current flow in the cell although some inconclusive evidence
was obtained suggesting that C1F may have been a product.

A mixture of 1 mole CIF3 o 9.28 moles BrFg was electro-
lyzed at an average potential of 20 volts (average 0.13 amps)
for 17 hours. No volatile products were noted in the traps
downstream of the cell.

The residual BrFa solution was colored dark orange-brown.
Thiz is attributed to the presence of bromine which could be
swept from the cell by nitrogen and condensed. Claasen,
Weinstock and Malm {Ref. 33) noted that pure BrF3 reacts
slowly with nickel to form reddish products which may be Bro
or BrF. Our nickel electrcdes were tarnished although not
corroded sufficiently to account for the quantity of Bry and it
is believed the Bry is a direct or indirect result of electrolysis.
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During electrolysis of the C1F3/B~rP3 solution, the con-
ductivity decreased from 1.9 x 1074 to 1.2 x 1074 ohm™! cm-L.
Banks et al. {loc. cit.) observed the same phenomenon On
electrolysis of pure Brf3 and postulated the following mechanism:

2BrFy —>= Br?2+ + Brbgq~
2BrF,* + 2e ————> BrF, + BrF (brown, unstable)
2Brfy” —= 2e¢ + BrFy + Bifg {colorless)

The formation of BrF and BrFg in the BrFj would decrease
the conductance simply by dilution. The above mechanism is
consistent with our observations since BrF is an unstable
material forming tha Bry observed in our cell.

3BrF —— Bry + BrF3 (Rei. 34)

It should be noted that Banks et al. proposed the above
mechanism partly to exblain the absence of polarization in their
work. In our studies polarization was observed and could be
eliminated temporarily by reversing the polarity. This may be
.due to some unknown influence of the dissolved CliF;.

CliFg5/SbFg System:

The specific conductivity of ClFg prepared in this laboratory
was determined to be < 2.11 x 1077 ohm™! cm~! (the lower limit
of our conductivity bridge) at -78°C and at -23.8°C, and is
probably somewhat lower, i.e., < 1077 ohm™! cm~ !, The fact
that there was nc obsarvable increase in conductivity between
dry-ice temperature and -23.9°C, nearly the beiling point of
ClFg, seems to indicate that the conductivity of this substance
is very low and the pure compound would be impractical as an
electrolyte. This was, of course, the sole purpose of our con-
ductivity determination.

In a separate experiment doubly-distilied SbFg was charged
to the conductivity cell under dry-box conditions and the specific
conductivity was found to be < 2.11 x 107 ohm~! cm~! at 25°C.
The specific conductivity of SbFs5 has been reported as < 1079
ohm~-1 cm™! (Ref. 35). The value determined in this laboratory
appears in keeping with the prior reports.
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The preperties of the system mixed SbFg-ClF5 were than
explored using a high ratio of SbFy. Final proportions were in
the mole ratio 8.72 SbF5/ClF5. Since SbFg freezes at 7°C,
the reaction was initiated at 10°C and the C1Fg was added in
increments as a gas under its own vapor pressure. A slightly
vellow solid was formed immediately on addition of ClFg to
SbFs and persisted even though the cell was allowed to warm
to 25°C. Mixing was extremely slow because of the density
and viscosity of the SbFg, coupled with the formation of a crust
of complex CIF5-SbFs5 on the surface of the liguid. Slight
warning did tend to melt the complex, but this could not be
carried to the point of homogeniety.

A final measurement showed the specific conductivity of
the inhomogeneous liquid-solid system to be 2.64 x 107° ohm™
cm_l at 25-30°C. The enhanced conductivity of the system
indicates that the ClFg-SbF5 complex is probably an ionic
species such as CIF4*SbFg~.

During overnight storage of the cell containing SbFgs and
the complex, a severe crack developed on the interior wall of
the ceil (see Fig. 5). On warming slightly to dissolve the
complex, further extensive cracking occurred, with leakage
from the cell. The experiment, including contemplated electro-
lysis, was abandoned of necessity.

Subsequent studies of the ClF5-SbF5 system was carried
out at low temperatures to minimize stress cracking of the cell.
At -23°, it was observed that a combination of C1Fg and SbFg
in a mole ratio of 21.5:1 consisted of supernatant liquid ClFg
zbove a solid mass of frozen §bI's containing solid CIF4SbFg.
The specific conductance of the non-hom>geneous system was
equivalent to that observed for pure ClFg.

The presence of the ClF4SbFG was indicated by a mass
balance of the ClFg used, and recovered, as well as evidence
of stress cracking in the Kel-F cell due to overnight storage of
non-volatile residual solids.

The non~-conductivity of the liquid ClE‘5 suggests that none
of the complex had dissolved. Whether this was the result of
inherent insolubility or poor mixing is not known. The ionic
nature of the CIF4SbFg complex was suggested by an experiment
using a2 mole ratic of 1 ClF5 to 8.72 SbFs in which the complex
was formed and increased the conductivity of the SbFg from <2.11

%1077 o~m-! cm~! to 2.04 x 10~5 ohm~1 em~t.
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Cii5/Metal Fluoride Svstom:

Since CsF was cbserved o ijncrease the conductivity of
CIF3, it was of interest tc investigate the conductivity of alkali
metal fluorides and. 10r comparaiive ressons, that of CsF in ClFs.

The specific conductance of a mixture containing @ mole
ratio of 54.1 ClFc/CsF at -23°C wes determined to ba <z x 1072
ohm~1 cm~! by suoplementary chservation of resistance with a
volt~ohmetsr. However, the validity of the determination was
questioned ~ecauvse a2 liguid product, believed to be a hydrated
acid fluoride. was racsvered as a firal cell regidue. Repetition
of the experiment using TiFg freed of HF at a mole ratic of 50
C1F5/CsF confirmed the spacific conduciance oi tha sysizm 10
be < 10-6 ohm-1 cx=i. 2 sclid product which was evidently
CsT containirg ahsorbed C1Fg was finzliy obtained, bv: mass
balance did nut izdicate the formation of a complex. In both
experiments, CsF was insoluble in CiFs5 so that the low con-
dustance value and failurs 10 pass current were doubtless
craracteristic of ClFs5.

Anhydrous KT was insolubie in liquid CliFg at -23° at a mole
ratio of 26,3 C1F5/KF. The speciiic conductance of the mixture
was < 10~% ochm™* cm~!, which was no doubt that of CIF5. There
was no evidencs of complax fomation between ClFg and KF.

CiF3/ClQyF Sysiem:

Tn previous studies (Ref. 23) it had been found that Cl0,TF
wiil dissciva readily in CIF5 to give a dense solution attractive
as a mixed oxidizer. In addition the sensitivity of CIC,F to
hydroivsis by moist air seemed to be modsrated by solution.
Although this could be attributed to dilutien, it seemed worthwhile to
study the liguid system for evidence of dissolved ionic compounds.
The conductivity of a solution of C1G,F in ClF; was determined at
-12°C, first at a mele ratio of 31.8 ClF3/ClO,F, then at 21.7 GiF/
Ci0z7. The specific conductance of each system was <10-6 ohm-q
em-l, Tuis valuc if of an order similar to the conductivity of CiFj3.
It is concluded that Ci0,F must also have a low conductivity since
addition of C10,F to CIF3 did not alter conductance, even on increasing
the proporticn of ClO;F.
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Since fluorination of CIO3F is an attractive route to new
oxidizers and since ClOF is sensitive to protonic solvents, it
was evident ‘that this compound must be studied in compatible
sclvents such as CIlF3 containing additives such as CsF to
increase the conductivity.

The C1F3-CsF system was the conducting medium and the
source of fluorine on electrolysis which could be replenished by
subsequent additions of C1F3. The CIO3F is typical of inter-
mediates which can be dissolved in the CIF3-CsF mixture and,
althcugh non-conducting themselves, will be fluorinated on
electrolysis, There is thus an analogy to the Simons cell and
the electrolysis of hydrocarbons in KF-HF systems.

The addition of CsF to the liquid system C1F3/ClOF at
-12°C produced an increase in conductivity, the specific con-
ductance being 12.4 x 104 ohm-1 em~1 at a mole ratio of 50
ClF3/2.3 Cl0,F/CsF. However, the CsF was incompletely
solubie and in addition, flocculent material of an apparently
different character formed on first storage at ~78°; persisting
on warming to -12°. Appearance of the flocculent material was
accompanied by a small decrease in specific conductance to
8.43 x 10~2 ohm=1 cm~1. Subsequent analysis of this system
indicated that the presence of ClO,F prevented dissolution of
the CsF in the CIF3 solvent and that the observed flocculent
precipitate was pure CsF.

CIlF3/IF5_System:

The specific conductance of commercial IFg (99+%) was
determined to be 5.65 x 105 ohm~! cm~! at 25°C, and 4.02 x
105 ohm~! cm~! in a mixed solid-liquid phase system at the
freezing point of 9°C. These data compare favorably with the
values reported by Woolf (Ref. 36) and by Rogers et al. (Ref. 37).

IF5 was completely soluble at 0°C in CIF3 and a mixture
containing a mole ratio of 6.76 ClF3/1Fc, had a specific conduc-
tance at this temperature of 2.43 x 1076 ohm~1 cm™". At 24°C
and a moie ratio of approximately 5.54 CIP3/1F5, the specific
conductance increased only slightly to 4.21 x 10-6 onm-1 cm_l.
Since it appeared that the conductivity values observed resuited
from the dilution of IFg without the formation of conductive
species in CIF3, such mixtures were not explored further. There
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was no indication of an induced ionization as given in the eguation
below and the conductivity was too low for practical electrolysis.

Ifs + ClF3 —>~—= CIF;* + IFg™"

CIF,/CIO,F System:

The specific conductance of CIOgF (b.p. -47°C) was deter-
mined to be < 2 x 1073 ohm=! cm~! at -51°C, in good agreement
with a previousiy reported value (Ref. 38). The specific conduc-
tance of a C1F3/CIO3F mixture in the respective mole ratio 5.83/1
was observed to be <107% ohm™1 cm~! at -51°C. Because both
components of the mixture are poorly conductive, the low conduc~
tivity value of the mixture indicated the absence of any ionic
specles. ClO3T alone or with ClF3 did not pass current under
applied potential, and electrolysis was not feasible.

CIORF —><—> ClO;" + F~
CIOsF + CIFy =< ClO3" + Clry~

A ternary mixture composed of a mcle ratio of 29.3 C1F3/4.86
ClOSF/CsF contained undissoived solids at -51° and was observed
to have a specific conductivity of 1.24 x 107 ohm™! cm~1.
Electrolysis was impractical since the system did not conduct
appreciable current.

The conductance of the ternary system was less than that
of the initial ClF3/C sF mixture before adding ClO,F, indicating
that the latter served mainly as a diluent and did not form ionic
species with CsF. As noted above, a mixture of ClFg and ClO5F
was non-conductive, so that the meager conductivity detected for
the CIF3/ClO3F/CsF system appeared to be due to a CIF3-CsF
complex, possibly CIF2+CSF2" as proposed above.

ClO5F/SbFs System:

The possible formation of complex ions by ClO3F was explored
further by observation of a mixture containing a mole ratio of 24.3
(31031’-'/ SbF§. The specific conductance of the system was < 10-6
ohm~! cm™" at -51°C. The SbFg (m.p. 7°C) appeared to disperse
throughout the GlO3F as fine, white suspended particles on stirring.
The mixture was non-conductive under an applied pctential of 107
volts D.C., so that electrolysis was not possible. Qualitative
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tests on the non-volatile material recovered showed it to be pure
antimony flucride. The conclusion that C103F did not form an
ionic complex with SbF5 agrees with other studies made in this
laboratory employing pressure techniques.

ClF3/BrFs_System:

The specific conductance of commercial BrFs (HF-free) was
determined to be 1.88 x 10~8 ohm=1 ecm~! at -51°C (m.p. -62°),
2.18 x 10-5 chm-! cm=! at 0° and 2.73 % 106 ochm~! cm~! at 25°
{b.p. 40°). The results at -51° and 0° are comparable to values
reported for a similar commercial material (Ref. 38); but, as expected,

the value at 25° 1s somewhat above the conductance of 9.1 x 10-8
ohm~1 cm~! reported for a “carefully purified" sample (Ref. 39).
As noted below, some Bry may have been present in the BrFg.
2 homogeneous solution containing a mole ratio of 6.39
1

BrF5/ClF4 exhibited a specific conductance of 2.06 x 1078 ohm~
cm-! at 0° and 2.38 x 1076 at 25°, Neither the pure Brfg nor a
solution with ClF3 passed more than one milliampere current under
an applied potential of up to 108 veolts D.C. The addition of a
slight amount of ClF3 to the BrFg caused the colar of the Brf'g to
change from a dark red brown to a clear faint amber., However,
because no conductivity changes were noted and no solid residues
were recovered, it is thought that the color change indicated the
fiuorination of a small amount of elemental bromine contaminant
by the ClF;.

The Ternary NOZF/Cqu/HF System

The conductivities of liquid mixtures containing NOgF, CIF3
or HF were observed while employing the constituents in varicus
combinations, proportions and orders of addition. The specific
conductances of the individual constituents were found to be < 10-6
ohm~! em~! at the temperatures noted below. The binary mixtures
(NO2F/CIF3, HF/NOgF, HF/CIF3) and ternary mixtures were
similarly non-conductive. Conductivity measurements involving
NOzF (b.p. ~72°C) alone or with either HF or C1F3 were made at
-78° because of pressure limitations, but observations of the con-
ductivities of HF and ClF3 were made at -12° or above. The latter
temperature was used in studying termary mixtures containing exczss
HF, since these exhibited relatively low vapor pressure at -12°.
However, when equimolar quantities of the three components were
vsed, the high gas pressure which developed prevented warming
much above -78°.
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An equimelar mixture of NO2F and CIF3 at -78° contained
a small quantity of yellowish white dispersed solids identified
as NOpCIF4. This material is insoluble in either reagent and
did not increase the conductivity of the system. Addition of HF
to produce an equimolar ratio of NOZF/CIF3/HP produced additional
solids, presumably NO,F-XHF, but the HF was insufficient to
complex all the NO3F since pressure developed on warming above
-78°. The same adduct was also formed on addition of one mole
of NO3F to 4 moles of HF at -78°C. In contrast, a solution of one
mole CIF3 in 4 moles of HF was a homogeneous clear liquid.
Ternary mixtures containing excess HF (mole ratio about 4HF/ ClF3/
NOZF) developed relatively little pressure at -12°, and probably
contained sufficient HF to completely complex the NO,F.

In view of the low conductance values observed, it was
surprising to find that a momentarily applied potential of 10 volts
D.C. resulted in a current flow as high as 1-2 amperes in ternary
mixtures with excess HF at -12°. This property was shown to a
limited degree by HF alone, but not by NO2F, C1F3, or their
mixture. Action on the nickel electrodes at the higher amperages
was indicated by darkening, sometimes with formaticn of solids.

In preparing ternary mixtures containing excess HF (mole
ratio about 4HF/NO,F/ CIF3), the order of addition appeared to
have some influence on the products recovered. Addition of ClF3
to NO2F in HF at -196° resulted in a mixture of liquids and solids
which persisted on warming to -78°. This order would have
permitted preliminary formation of NOF-HF adducts. The ternary
system passed about .05 amp. at -78° and over 1 amp. at -12°.
However, when NO,F was added to CIF3 in HF at ~196°, a
pressure increase was briefly noted on warming to -78° and a
liquid product resulted. If NOF-XHF or NO,ClF4 were present,
they or other products were soluble. This ternary system passed
about 0.6 amp. at -78° and 2 amps. at -12°.

Prcducts from the electrolysis of the ternary NO,F/CIF;/HF
mixtures at -12° were analyzed and were found to be C102F, CIF3
and CIfg but the pressure of the samples further indicated the
presence of a considerable portion of a gas nonabsorbing in the
infrared, presumably Clg. The liquid remaining in the conductivity
cell after warming to 45° was aiso examined by infrared and several
runs produced samples with consistent absorption at 4.2 «,
commonly associated with nitrogen triple bonding. This material
was never identified.
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1. Description and Layout of Adispatic Calorimater

The adiabatic calorimetsr anc temperanire mea suring eguipment
were contained within a large Plexi {(T=25" + .G5°C} and
located in a small laboratory where th i ined
at 23.5+ 1°C, This provided a consisni! le m th as
enclosure and easy temperature controi within the enclosure. Access to
instruments within the enclosure was through gum rubber “liris diaphragm®
ports (cf. Fig. 7). Dials wers adiustad and ciecirical helzntas were made

b I ¢
n

using "poke rods" thereby eliminati
hand. This is 1llustrated in Fig. 7.

¢ thermal gradients from the human

=

A platinum resistance tnermomeicer was usad to determine tempsraiure
rises in the calorimeter. The thermometer wose connacted to the messuring
bridge {G-1 Mueller Bridge, Leeds and Nerthrupy through & mercury
commutator {No, 8068, Leeds and Merthrop) designed to permit cancella-
tion of lead resistance differences.

DD-S-1) intentionally limited the current in the thermometer circuit te 1.
milliamps. This current was below the 2 miliiamp contineeus flow used in
calibration of the thermometer at the WNational Bureau of Standards. This

limitation decreased the sensitivity of the nuil point galvancometer (Nc.
2430a, Leeds and Northrup) but essentially eliminated er-or due to heaiing
of the resistance element in the thermometer.

It had been experimentally detetmined, by measzurement
point of water, that temperatures could be measured tc an accu
0.001°C with an error of + (¢.0005°C.

The linear power equation established by the National
Standards during calibration of the platinum rosisiance thermon
programmed for the Bendix Mocdel G15 computer anid a print cut of 1
resistances versus temperature was cobtained from 23°C to 20°C |
of 0.001°C. This permitted immediate and convenient dsiermination ¢f tem-
perature in degrees Centigrade.

It is important to note that during pre:iminary Tuns with the NHaClO4~
CO system it was found that the use of a platinum sample cup and support
and a gold-plated calorimeter were found necessary to eliminzte the
formation of iron carbonyl bv the reaciion of the bomb alloy with the excees

CO at the high combustion femperaiure.
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LAYOUT OF CALORIMETER
AND
SUPPORTING EQUIPMENT
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For calibration a total of ten combustions were carried out using
N.B.S. standard benzoic acid under certificate conditions. The final
accepted heat capacity was 2455 + 2.8 cal/°C. Additicnal blank runs
were carried out to determine the heating of the calorimeter due to
electrical input to the ignition wire as 1.1 cal. The correction in the
heat capacity of the calorimeter due to a substitution of CO for O2
amounts to G.025 cal/°C and was considered negligible.

The NH4CT104 pellet was supported in a platinum cup within the
gold-plated calorimeter anc ignition was by an electrically heated
platinum fuze. Prior to ignition, the loaded bomb was flushed at least
three times with'CO at 30 3tmospheres pressure to eliminate atmospheric
oxygen. The results of the experiments are summarized in Table I.

At the conclusion of the run the gases within the bomb were
examined by infrared analysis for traces of nitrogen oxides indicating
incomplete combustion. Vapor chromatographic analysis previously
showed that the vapor phase was composed only of N,, CO. CO3 and
water vapor.

The gaseous products were then dried by passing over MgClOg
and zdsorbed on ascarite for a direct determination of the carbon dioxide
evolved. The liquid phase remaining in the bomb was quantitatively
removed and analyzed for acid titer, chloride ion, and anionic and
cationic nitrow=a. These data were used as confirmatory evidence for
completeness of combustion.

2. Synthesis of ClO2

A 1:4 molar mixture of NaClO3 (21.2 g.) and H2C04-2H,0
(100.0 g.) was added dry to a 500-ml. 3-necked round bottom ilask.
Distilled water (25 ml.) was added to the mixture and the flask was
immersed in a water bath. A flow of nitrogen (75-1v0 cc./min.) was
started and the reaction flask was slowly heated. ClOj generation
began at 40-45° and the nitrogen flow was increased to about 300-350
cc./min. The bulk of the ClO2 was evolved between 45°-55°C. The
temperature was slowly raised following diminution of gas evolution and
was maintained in the range 65°-70°C. When generation ceased the
reaction mixture was quenched with 100-150 ml. distilied water. The
ClO2, trapped out at -78°C, was purged well with nitrogen and then
immersed in a =5° to -8°C salt bath to permit the ClO4 to liquefy and
to dispel any dissolved COj. After about 5 minutes under these condi-
tions, the -78°C bath was again placed around the ClO3 and maintained
during temporary storage of the ClOz.

2NaClO3 + 2HC204°2H90 —> 2Cl0, + 2CO; + 2H70 + NapC204
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3. (U] Synthcsis of ClOoF

The liquid ClC, was immersed in a 070 salt batlh and vagorized
with a nitrogen flow set at about 280 co./min, This pennitted a
sufficient dilution to avoid explosions a2nd also provided a rsasonable
rate of consumption of the C103. The nitre non-dilated CLO') was led

inte a2 copper coil reacter ‘Lhzoz,m vihich Fn oas was passnd at a flow
rate of up to 230 cc./min. The reactor was maje of 3/8" copper tubing
and various lengths gave reac*or volume F11-1222 mil. [lresidence
times of 4 seconds 0 4 minutes). The most saﬁcfacf v result were
obtained with a 1230-ml. reactor valume and 4-min. residance time.
The product gases weare passed ,.‘rougq a 1/4" copper ccil of 35-ml.
volume heated to 105-11C°C {15-second residence time This coil

was used io effect thermai decomposition of residual CIC, to Tl znd
Oz. The final product had been trapoed cut as a solid

together with solid Cly and liguid Fp, N3, and Oz. The Cl;. Fp,

N,., and O, were easily remcved by fractional f‘onde nsation technigues.
(Note: Since Fp was removed at low temperatures, no reaction with
solid Clz was cbhserved. The formation of ClF3 wa- also not observed
in the heated coii.) The water white produce following purification was
stored in a stainless steel cylinder at -8C° C.

4. (C) Preparation of ClFys

CsTF (i3.4 g., 0.088 moles! was charged t© a nickel autozlave.
After evacuation, the autcclave was cooled to ~78°C and 21.6 grams
of CIF3 (0.23 moles) was vacuum transferred to the autoclave. The
approximate mole ratic of CiFg tc CsT was 2.5:1.0. The auviociave
was placed into a jacket heater and maintained at 80°C + 2° for 24
hours, developing a maximum pressure of 80-85 psig at this temperature.

After 24 hours, the autoclave was cooled in a water bath t¢ 20-25°C
and all the volatiles were pumped off. Calculations based on ClF,
recovered indicate the CIF3 reteined by the CsFona 1:i =
approximately 85-30% of thecretical.

The evacuated autoclave was ccoled to -156°C &n
fluorine was introduced tc a total pressure {at 25° i
Fp/CsClF4 mole ratio was approximately 6/1

The autoclave was again placed in the jacket heater and maintained
at 150° + 2°C. for 24 hours and then cocled to -125° to -130°C. At this
temperature all the excess Fz was vented off until the autoclave was at
atmospheric pressure. The autoclave was then closed, warmed to ambient
temperature and zll the volatile products condensed at -196°C. The
residual ¥, was removed under vacuum,
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The product was then fractionated through a -100°, -140°, -196°C
train and C1Fg was concentrated in the -140° trap.

Infrared analysis of the product indicated primarily ClFs with some
slight contamination by C102F, SO2T2 and SFg. (The source of the sulfur
compounds is the original fluorine used in the preparation.) A comparison
of our observed absorption bands with ‘acse published by Rocketdyne
{Ref. 3a) are given below. Our spectrum was obtained on a2 P-E Model

337 Grating Spectrophotometer (Z-ZS/Urange) .

Rocketdyne

780 cm.

720 cm.
630 cm.”

S40 cm.

495
480
300

1

1
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780

720
630
620
610

545
538
490
480

cm.”! with a shoulder at

790 cm.~1

cm.”
em.” 1)
cm._1§ Triplet
cm. 1
cm -1

‘-1 Doublet
cm

em.”1 (est. 492-493)
em.

(Beyond the range of our instrument)
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